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LODE-TIN MINING AT LOST RIVER, SEWARD PENINSULA, ALASKA-/ 
by 


SH. Lorain, 2/ R. Re Wells, >/ Miro Mihelich, -/ Je Je Mulligan, —” 
R. Le Thorne, £/ and J. A. Herdlick2/ 


SUMMARY 


Tin mining on Seward Peninsula, Alaska, has been intermittently active since 
the early 1900's. Most of the recorded production (over 2,200 short tons of metal- 
lic tin) has been obtained from placer deposits, but recent production also has 
resulted from development of lode deposits associated with intrusive rocks occurring 
in the western part of the peninsula. Generally, the lode deposits containing tin 
minerals (principally cassiterite) are found in dikes, in granite masses, and in 
silicate zones in limestone overlying the granite. Both the placer and lode deposits 
have been of considerable strategic interest to the Government because of the almost 
total absence of a domestic supply of tin. 


The most important tin-lode deposit discovered to date is in the Cassiterite 
dike at the Lost River mine, on Cassiterite Creek about 85 miles northwest of Nome. 
This highly altered, rhyolite porphyry dike averages 12 feet in thickness, strikes 
N. 75° to 85° E., and dips steeply to the south; it can be traced on the surface for 
about 8,000 feet. Throughout its explored length of about 2,200 feet the dike every- 
where contains some tin and tungsten in veinlets and disseminations; economic concen- 
tration of the ore minerals, however, is confined to definite shoots. The ore miner- 
als include cassiterite, stannite, hulsite, paigeite, wolframite, scheelite, and 
base-metal sulfides; gangue minerals include fluorite, boron silicates, and lithium- 
bearing minerals. Some ore minerals also occur in the numerous other dikes and in 
the granite and intruded limestone in and adjacent to the mine. 


Although the Lost River mine was discovered in 1903 and was extensively devel- 
oped during several periods of activity, production did not result until Government 
funds were made available by the Defense Production Act of 1950. Under this act and 
the stimulus of the Korean War, Government capital was used for purchasing and oper- 
ating the mine and plant. Rehabilitation was begun May 15, 1951; all operations 
ceased in October 1955, when Government support was withdrawn. A Defense Minerals 
Exploration Administration (DMEA) exploration project (90-percent Government partici- 
pation) was conducted during the operating period and resulted in several important 


1/ Work on manuscript completed March 1958. 

2/ Former Assistant Regional Director, Bureau of Mines, Region I, Alaska. 

3/ Supervising extractive metallurgist, Bureau of Mines, Region I, Alaska. 

4/ Former mining engineer, Bureau of Mines, Region I, Alaska. 

2/ Mine examination and exploration engineer, Bureau of Mines, Region I, Alaska. 
6/ Supervising mining engineer, Bureau of Mines, Region I, Alaska. 

7/ Acting Assistant Regional Director, Bureau of Mines, Region I, Alaska. 
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contributions toward clearer understanding of the nature and extent of the Lost River 
deposit; some additional reserves were indicated. 


During the operating period company records indicate that the gravity-type mill 
treated more than 51,000 short tons of ore averaging 1.13 percent tin, from which 
was produced 687 tons of concentrate averaging 52 percent tin. Tin recovery was 60.8 
percent. No tungsten concentrate was produced as the mill was not equipped to make 
such a recovery. Discrepancies between mill records and smelter returns indicate 
that the weight figures of the ore and concentrate probably are high. Excessive 
losses were due chiefly to mechanical limitations of the grinding circuit, which 
prevented disintegration of ore without excessive sliming of cassiterite. 


All the ore treated was obtained from the Cassiterite dike. An advancing system 
of shrinkage stoping was used, which employed several different methods of stope de- 
velopment, preparation, drilling, and ore drawing; various sizes of stope blocks also 
were tried. 


Cost records maintained by the United States Tin Corp., although not well adapted 
to a breakdown into basic-cost units, indicate that the approximate cost of mining 
and processing ore during the 6 months of comparatively stabilized operation (July 
through December 1954) was $17.56 per ton of ore milled, excluding exploration costs 
and capital charges but including smelting charges and Seattle office expense. The 
cost per pound of tin recovered during the same period was $1.33, but the average 
tin recovery was only 13.25 pounds per ton of ore milled or approximately 60 percent 
of the tin contained in the heads. 


INTRODUCTION 


The western part of the Seward Peninsula has been the principal source of primary 
tin produced on the North American Continent; the area also contains the largest known 
reserves of lode and placer tin on the continent. Because nearly all tin for United 
States industry has been obtained from highly vulnerable foreign sources, the Seward 
Peninsula area has been of particular interest to Government mineral and defense agen- 
cies, especially when overseas supplies were threatened. As a result, the Federal 
Bureau of Mines and the Federal Geological Survey have conducted numerous investiga- 
tions to indicate the strategic and commercial~-production potential of the tin de- 
posits in the area, and other Government agencies have participated in the wartime 
phases of the program. 


In 1941, when United States participation in World War II began to appear immi- 
nent, a bill (H. RB. 96, January 3, 1941) to appropriate $2 million for exploration of 
Alaskan tin deposits was introduced into the Congress but was not enacted into law. 


In late 1942 and early 1943, after two-thirds of the tin resources and nearly 
three-quarters of the tin-smelter capacity of the world had been denied to Allied 
Nations by the Japanese conquest of southeast Asia, the Operating Committee of the 
War Production Board approved Government construction of a 500-ton mill at the Lost 
River mine to recover tin from the most promising lode deposit so far discovered on 
Seward Peninsula. Construction was contingent on noninterference with military ship- 
ping in that area. Because of the critical shipping situation brought on by the 
Japanese invasion of the Aleutian Islands, the Army decided that the production po- 
tential of the Lost River mine did not have enough comparative importance to the war 
effort to justify diversion of badly needed cargo space; consequently, the construc- 
tion project was not begun. 
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Under authority conferred by the Stockpiling Act of June 7, 1939, the Bureau of 
Mines, in cooperation with the Geological Survey, began diamond-drilling and trench- 
ing investigations of the Lost River-mine area in August 1942. These operations 
were continued during the summer seasons until October 1944. During this period the 
Bureau of Mines completed 7,335 linear feet of surface trenches, an 8,899-linear 
foot bed of diamondedrill holes, and took 3,393 samples from the mine, trenches, and 
diamond-drill cores and sludges. Beneficiation studies of ore from the Cassiterite 
dike were conducted at Bureau laboratories, and a flowsheet for treating the ore was 
developed. Factual data resulting from the investigation have been published .8 
The Bureau project was reactivated in 1951, then suspended in 1952, when the explora- 
tion program was taken over by DMEA. 


Under the stimulus of the Korean War and the authorities created by the Defense 
Production Act of 1950, the Government advanced funds to the United States Tin Corp. 
for constructing plant facilities, for mine equipment and development and for mine 
and mill operation from May 15, 1951, to October 1955. Under the same authority, 
through DMEA, the Government on August 25, 1952, also entered into an exploration 
contract, at 90-percent Government participation, with the United States Tin Corp. 
This contract and later amendments resulted in 2,792 linear feet of drifting and 
crosscutting, 74.5 feet of raising, 1,984 feet of diamond drilling, and 1,795 feet 
of longhole percussion drilling. 


By arrangement with the United States Tin Corp. and the various Government agen- 
cies involved, Bureau of Mines engineers made special studies of mining and milling 
methods and costs at the Lost River mine during the operating period. Through par- 
ticipation in the various exploration programs conducted on Seward Peninsula since 
1942, these engineers also were thoroughly familiar with conditions peculiar to 
mining operations in the area. These general conditions, as well as factual data 
resulting from the special studies, are presented in this report as aids to possible 
future mining in the Lost River area. 


Because the entire tin-bearing area of western Seward Peninsula is a geologic 
and economic unit, the discussion of history and production includes information per- 
taining to the entire area. The data on labor, wages, transportation, weather, and 
housing requirements would be almost equally applicable to other parts of the area. 
Much of the milling data would be applicable to other Seward Peninsula tin ores, but 
those on mining methods and costs would be applicable only to such other deposits as 
might be closely similar to the ore bodies that have been mined at Lost River. 
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HISTORY AND PRODUCTION 


Tin Mining on Seward Peninsula 


Tin was discovered on Seward Peninsula during the first rush of gold miners, 
following discovery of the rich gold deposits at Nome. It was first recognized by 
A. H. Brooks, of the Federal Geological Survey, in gold-placer concentrate mined 
from Buhner Creek (tributary of the Anikovik River) in the summer of 1900. 


During the summer of 1901 placer tin was discovered on Buck Creek, across a low 
divide from the Anikovik River. Production of placer tin from Buck Creek and other 
creeks draining the slopes of Potato Mountain was begun during the summer of 1902 
and continued each summer thereafter for 19 years. Placer-mining operations on 
these creeks were revived in 1948 and were continued during six seasons until they 
were discontinued because of uncertainty regarding continuance of the Texas smelter. 
Although tin-bearing veins have been discovered on Potato Mountain, no serious 
attempt has ever been made to explore them. 


Almost simultaneously with discovery of placer tin on Buck Creek, W. J. C. 
Bartels discovered lode tin on Cape Mountain. For a number of years thereafter, 
Bartels and his associates tried to develop a lode mine on Cape Mountain but suc- 
ceeded in producing only a few tons of concentrate in 1906. Placer tin was discov- 
ered, however, in several creeks that drained the slopes of Cape Mountain; conse- 
quently, placer-mining operations on two of these creeks were begun in 1924. 
Between 1924 and 1942 the Cape Creek-Goodwin Gulch placer produced several hundred 
tons of concentrates. Recent DMEA exploration on Cape Creek have disclosed commer- 
cially valuable deposits of placer tin. Other creeks that have not been explored 
may contain additional reserves. 


By 1903 tin had been discovered on Cassiterite Creek (a tributary of Lost 
River), on Brooks and Ear Mountains, and in streams draining Ear Mountain. Since 
then, tin or traces of tin have been found in rock specimens or in placer concen- 
trate from almost every part of western Seward Peninsula. The positions of the 
above-mentioned geographical features are shown in figures 1 and 2. 


To the end of 1955 enough tin production to be reported officially had been made 
from the vicinity of Potato and Cape Mountains and Lost River. The total output from 
these areas from 1902 through 1955 has been approximately 2,200 short tons of metal- 
lic tin. 


Most concentrate produced before World War II was shipped to Singapore, but some 
was shipped to Perth Amboy (N. J.) and some to England. Most, if not all, concen- 
trate produced since 1941 has been shipped to the Government-owned smelter at Texas 
City. 


Tin Mining on Lost River 


During the summer of 1903, Charles Randt, Leslie Crim, and W. J. O'Brien found 
tin-bearing minerals in float or in panning concentrate on Lost River. Assisted by 
Arthur J. Collier and Frank L. Hess, Federal Geological Survey, they traced the tin 
to its source in a rhyolite dike on the banks of Cassiterite Creek, a tributary of 
Lost River. This dike is known as the "Cassiterite dike" or the "Cassiterite lode"; 
it is the source of nearly all lode-tin production from Seward Peninsula to the date 
of this report. Most of the placer tin that has been recovered from Cassiterite 
Creek was probably also derived from the Cassiterite dike. 
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By the summer of 1904, a 60-foot adit drift along the dike at the point of dis- 
covery and a short adit drift on the dike about 200 feet higher than the discovery 
adit had been completed. During the next 9 years these workings were extended, 
several other adits were started, and numerous test pits were dug near the Cassiterite 
dike and at various other prospects along Lost River, Tin Creek, and Cassiterite 
Creek. This work showed that the Cassiterite dike is at least 8,000 feet in length 
but that tin mineralization at surface is limited to a strike of about 2,500 feet; 
it demonstrated also the existence of a highly altered and mineralized area of ap- 
proximately 100 acres immediately adjacent to the original discovery. In addition, 
the work showed that lead, copper, zinc, tungsten, and tin mineralization occurs at 
a number of other places along the upper 6 miles of the Lost River Valley. Meanwhile 
(July 1907) Randt, Crim, and O'Brien had incorporated the Lost River Tin Mining Co. 


In 1913 operations were taken over by the Jamme Syndicate, which constructed a 
gasoline-driven, LO-stamp mill with Card tables, from which about 5.6 tons of con-~ 
centrate, containing about 3.5 tons of tin and 0.6 tons of tungsten, was produced 
during the seasons of 1913 and 1914. During the same period, about 2,000 tons of ore 
was mined and stockpiled, and probably about 150 tons of ore was milled. By this 
time about 1,094 feet of drifts on 5 levels and 108 feet of raises had been completed. 


In 1916 the property was optioned by W. W. Johnson and his associates, who pur- 
chases the materials and equipment for a 50-ton mill. These were delivered to Teller 
but never moved to the mine. Apparently this option was released almost at once, 
because no work, except assessment, was done during 1917. 


James F. Halpin and his associates optioned the property in 1918 and reactivated 
exploration during 1919 and the winter of 1919-20. A compressor plant was built and 
a large warehouse constructed on the beach near the mouth of Lost River, the under- 
ground workings were extended, and a shaft was sunk to a depth of 250 feet. Opera- 
tions were discontinued in the summer of 1920. During the early months of Halpin's 
option, a detailed examination and report were made by Frederick C. Fearing, consult- 
ing mining engineer, of New York City. Fearing's report included detailed sampling 
data, ore-reserve estimates, and a geological appraisal that inferred the existence 
of the apex of a tin-bearing granitic intrusive at comparatively shallow depth. 


The mine was idle from 1920 to 1928, when an option was awarded the National Tin 
Mining Co., a Nevada corporation. This company deepened the shaft to about 425 feet 
below the adit level and completed about 245 feet of crosscut at 294 feet below the 
adit level; it also completed 100 feet of crosscut at 398 feet below the adit level. 
Operations ceased in 1930, and title reverted to the Lost River Tin Mining Co. 


The Lost River Tin Mining Co. remained inactive until its charter was revoked 
on January 2, 1942, when title to the claims reverted to W. J. O'Brien of Seattle, 
Wash., and to the heirs of the Crim and Randt estates - the latter represented by 
Charles F. Hutson, attorney, of Seattle. 


In 1948 the property was optioned by the United States Tin Corp., which ini- 
tiated placer-mining operations on Cassiterite Creek in the summer of 1949. These 
placer-mining operations were continued during the summers of 1950 and 1951 and 
resulted in a production of concentrate that contained approximately 93.4 tons of 
tin. Meanwhile (1951) the company obtained financing from DMA (later Defense Mate- 
rials Procurement Administration) and began constructing a mill, which from early 
1952 to October 1955 produced concentrate containing 309 short tons of tin. Because 


income at current metal prices did not meet costs, the operation was discontinued 
september 26, 1955. 
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LOCATION AND ACCESSIBILITY 


The Lost River mine is 70 miles south of the Arctic Circle at latitude 65°31' N., 
longitude 167°9' W., near the westernmost extremity of Seward Peninsula - the western- 
most extremity of the North American continent (fig. 1). It is on Cassiterite Creek, 
approximately 1 mile above the junction of Cassiterite Creek with Lost River, 400 
feet above sea level, and 6-1/2 miles due north from the Bering Sea (fig. 2). 


Lost River and its tributary, Cassiterite Creek, drain the southern flank of the 
York Mountains. From its juncture with Cassiterite Creek the valley of the Lost 
River forms a natural route from the mine to the sea (see figs. 1 and 2); a gravel- 
surfaced road has been built down this valley. 


Nome, Alaska, is the nearest important trading center. The airline distance 
southeasterly from the flying field at Lost River mine to Nome is 85 miles; the dis- 
tance by sea from the mouth of Lost River to Nome is approximately 95 land miles. 
Overland communication between Lost River and Nome is not practicable, except by 
winter sled road; however, the Territorial Department of Roads has begun constructing 
an 85-mile road from Nome to Teller. From Teller Mission, on the north side of Port 
Clarence, an 18=-mile road would connect with the existing road from the mouth of Lost 
River to the mine; this road could be built, for summer use only, along the sandbars 
that parallel the north shore of Port Clarence. The cost of this road, including 
one 40-foot bridge and one short ferry, was estimated by the Alaska Road Commission 
in 1951 to be $85,000. 


Port Clarence is the only sheltered anchorage along the western coast of Seward 
Peninsula, but it is unimproved. If traffic becomes heavy enough to justify the 
expense, this harbor or possibly its inner harbor, known as Grantley Harbor, could 
be dredged and otherwise improved to provide docking facilities for western Seward 
Peninsula. Meanwhile all freight must be lightered ashore from ships anchored along 
the open coast; obviously this restricts the lightering operations to periods of 
calm weather. 


This part of the Seward Peninsula coast is free of ice from some time in June to 
late October or November only (see table 1); consequently all heavy freight shipments 
must be landed during this period. Normally, three regular steamship sailings a sea- 
son are made from Seattle to the Bering Sea; the first is in June or early July, de- 
pending on ice conditions, the second in midseason, and the third in September for 
deliveries along the Bering Sea during October. These ships deliver general freight 
to Nome and to other places along the Bering Sea where the volume of freight is large 
enough to justify lightering; therefore, mining equipment and bulk supplies, except 
fuel oil, may be delivered directly from Seattle to the beach at the mouth of Lost 
River (2,960 land miles). All fuel oil for the area is distributed through local 
dealers at Nome or Kotzebue, who deliver the oil by barge to the various consumers 
along the coast; ocean-going tankers could, however, deliver directly to any place on 
the coast where consumption is large enough to justify competitive shipments from 
Seattle. 


Personnel, mail, light freight (up to about 1 ton, depending on dimensions), and 
perishable goods are transported from Nome to Lost River by air. When the mine was 
being operated, daily flights by light, single-engine planes were made except during 
exceptionally bad weather; during the winter the flights may be impracticable for l 
to 2 weeks. Nome is served by daily flights of large planes from Anchorage and 
Fairbanks, where overnight connections with stateside flights can be made. 


Google 


The normal plane service between Lost River and Nome is by single-engine planes, 
which usually land at a small airfield near the junction of Cassiterite Creek with 
Lost River, about 1 mile from the mining camp. This field, about 1,000 feet long, 
could be enlarged, but heavy planes could not maneuver safely in the Lost River Valley. 
Another landing field about 5,000 feet long has been built near the beach west of the 
mouth of Lost River; this field is suitable for DC-3's (or larger planes with equiv- 
alent landing and takeoff requirements) , which may be chartered at Nome for transport- 
ing larger shipments or heavier pieces. The principal limitations on single pieces of 
freight are the shape, size, and concentrated weight that will permit loading and un- 
loading without damage to the plane. 


PROPERTY AND OWNERSHIP 


As constituted in 1955, the realty holdings of the United States Tin Corp. in- 
cluded 15 patented lode-mining claims, 3 patented placer claims, and 33 unpatented 
lode claims; in addition, the company held purchase options on the 6 patented lode 
claims comprising the Bessie-Maple gproup. 


The various claim groups held by the company are listed as follows: 
Patented lode claims 
(WU. S. Mineral Survey 1234, Patent $73035) 


SUIVEYOLF wecccccscccccccecces 3+ PLOSPECLOLS seccccevcccccseccee ROD Roy. 
Shon Rue .cccccscscccscceses COLLEY sescccvccvcccccececceccess Jenny Lynn. 
KLONGLke: 6600s 600s eaee ee we MAUS:666:b-5066iee 6 e000seeeeeeeseee. Le Lanele: 
Bald Raclé  sdniws ects wwwwee DUPLECK 6666205600064 50%00%0006: Lincoln, 
Carry GOW cocccccscccccesccce GLECN seocseccccccsscccsccccccvsee Engineer, 


Patented placer claims 
(U. S. Mineral Survey 1235, Patent S$13326) 
THVASSA cscencsevesecesescesces Margaret wcecccccvccccvcsceces Gertrude. 


Patented lode claims (optioned 
(U. S. Mineral Survey 1243, Patent S73037) 


Maple eoeeoeseseseecereoceoreroce a cecccnccveccccecccececcees POOLMAN. 


at Bs @eeuvue@esoeaeoacececesooaev eae on eee e Bessie eeeoaeceecesesve@soseoseoe 0 Tiger. 


Unpatented lode claims 


Name Date Volume Page Name Date Volume Page 
Sandra K .eecee 8/31/51 152 Nod 6 aseccessa -2716/53 164-5 
Penny S .weooeee 8/31/51 154 Nos. 1b dsswesece 2/16/53 164<5 
Patsy K weescee 8/31/51 153 NOs. 2 scssedaee 2716/53 164=5 
UsS.T.Se escees 9/4/51 | 155 NOs 3 seeseesee: 2716/53 164-5 
U.S.TeNe seoese 9/4/51 154 No. 4 ceccesees 2/16/53 164=5 
UsSs Tits: saeeeis “9/12/51 166 NOs 7 sseéeeses. 7/21/51 131 
UsSeTsKer auesee. 8/31/51 150 NOs 8 scegecceee 7/21/51 131 
UsS. Tike. cceese, “8731/51 228 150 Dalcouth No. 1. 10/16/52 228 246-7 
U.S.ToM. weoceee 8/31/51 151 Dalcouth No. 2. 10/16/52 240=2 
U.SeTwWe sevcee 9/4/51 156 Dalcouth No. 3. 10/16/52 242 
FOS cwecsesecee: 9/12/51 165 Cogruk .eccesee 10/16/52 245 
Blizzard .esoeo 9/12/51 164-5 Beluga eecscecee 10/16/52 248 
Kenny eoecccece 10/16/52 1645 Scotty eesvcenec 2/16/53 252 
Dale K .weccceee 10/16/52 164-5 Harry cecosceee 2/16/53 252 
Cy. So cseeeswee:. 10/16/52 164-5 Bench No. 1... 2/16/53 254 
Butch ..ccccceee 2/16/53 164-5 Bench No. 2 ... 2/16/53 256 
NO. 5 scccceeese 2/16/53 164-5 
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All claims are recorded in the office of the United States Commissioner, Cape 
Nome recording precinct, Nome, Alaska. 


The real and personal property of the United States Tin Corp. was offered to 
the highest bidder at the United States Marshal's sale held at the mine office 
October 30, 1957, to satisfy a judgment in favor of the United States of America. 
No acceptable bid was submitted; therefore, the Government took possession of the 
property. 


CLIMATE 


The climate is subarctic, but temperature extremes are prevented by the moderat- 
ing influence of the Bering Sea, only a few miles from the mine. Within the 5-year 
period 1950-54, the lowest recorded temperature has been minus 40° and the highest 
72°. Temperatures may be expected to remain at 0° or below for about 100 days in 
January, February, and March; on the other hand, about 100 days of such freezing 
weather may also be expected during June, July, August, and September; during the 
remaining months of spring or fall the temperature ranges between 0° and freezing. 
The coast is free of ice from some time in the latter half of June to about the 
middle of November. Although the average annual precipitation is only about 11 
inches and the average annual snowfall less than 3 feet, strong winds from the Bering 
Sea and the Arctic Ocean cause very unpleasant, driving, cold rains during the summer 
and severe drifting during the winter. The nearly continual, strong, cold winds com- 
bined with rain or dry snow, render outside work nearly always uncomfortable and, in 
winter, almost impossible. Fortunately, the Eskimos are accustomed to it. 


The drifting snows create difficulties with maintenance of roads or paths in 
winter but eliminate any problem with regard to snow on buildings, because the snow 
is blown off the roofs. 


Although the weather at Lost River has not been recorded officially, close ap- 
proximation should result from an average of the United States Weather Bureau records 
at Teller and at Cape Wales, about 50 miles southeasterly and 20 miles northwesterly, 
respectively, from Lost River; the average at these 2 stations for the 5-year period 
is given in table l. 


TOPOGRAPHY AND VEGETATION 


The Lost River mine is in the east central part of the York Mountains, which 
occupy an area about 16 miles in length, west to east, and about 10 miles in width, 
north to south. These mountains are steep-sided but, except on the highest peaks, 
are well rounded. The rounded ridges and most of the slopes are covered with finely 
disintegrated detritus; consequently, bare outcrops of bedrock are scarce. The sum- 
mits, almost uniformly, are about 2,000 feet above sea level, although Brooks Moun- 
tain, the highest peak in the range, rises to 2,918 feet. The several streams and 
small rivers that drain the mountains rise to altitudes of less than 1,000 feet and 
flow through relatively broad, straight valleys on gentle gradients; the lower parts 
of these streams are braided. 


No vegetation but moss and lichens grows in those parts of the area that are 
underlain by limestone detritus; a few small willows grow on the gentler slopes and 
in sheltered valleys, which are underlain by slate or by slate detritus. Most of 
the York Mountains, except the western flanks of the range and a small area on the 
north slope of Brooks Mountain, are underlain by limestone; consequently, they are 
completely barren. 
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TABLE 1. = United States Weather Bureau records 
(average of Teller and Wales) 
Average monthly temperatures 1950-54, inclusive 


Degrees Fahrenheit 
Year _San_| Feb. | Mar April | May/June | July | Aug} Sept.j Oct. | Nov. Dec. 


1950 eeeees 34. 1 24. 2 10. 3 
1951 wcecee 43. 5 | 44. 5 45. 3 

1952 wcccce 

1953 eeeseee 42. 9 48. 3 46. 8 


1954 .ccee. 
Average... Sefes7t ca] is.o 130.7 Leie | a7.2 47-9] 41-3 [30.6] 20.7, 3.0 


Average annual temperature ce F. 


1950 wecces 
1951 woe. 
1952 wccces 
1953 @eeeee 
1954 e©eeeesd 


Average... 


96 
052 


Number of days 
at temperature 


Pn ME 
ee EE 


annual 
snowfall, 
inches 


1950 .ecces 43 
1951 .eceee 25 
1952 Ce me me me me) 42 
1953 wcccee 23 


1954 ©@0e2060 
Average.. 


pea tee eee ee 


Average annual snowfall, 33 inches 


1/ Data for Wales only, because sheltered harbor at Teller provides different 
conditions. 


Summer travel throughout the area is relatively easy because of lack of vegeta- 
tion, rounded topography, and the general absence of unfordable streams. Trails 
suitable for jeeps or four-wheel-drive trucks can be made with very little effort 
where grades are suitable; many parts of the area can be traveled by four-wheel-drive 
vehicles without any preliminary roadwork. 


LABOR 


Skilled labor for lode mining and milling on Seward Peninsula must be drawn 
from the continental United States or Canada. The Coeur d'Alene district of Idaho, 
and Butte, Mont., are the most available sources in the United States. Many miners 
in these two districts have had experience in Alaska or are inured to northern 
climates enough to be adaptable to Alaskan conditions. Because miners, like construc- 
tion workers, are inclined to roam, no great difficulty is experienced in obtaining a 
nucleus of skilled workers. 
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Much of the labor at lode-mining operations on Seward Peninsula may be recruited 
from the native Eskimo population. Although Eskimos generally have not been trained 
in mining or mechanical trades, recent operations at Lost River demonstrated that they 
have innate mechanical aptitude to a high degree. They were quickly trained to oper- 
ate all kinds of mechanical equipment and gradually were becoming competent under- 
ground miners. To retain them on the job, however, it was necessary to provide family 
quarters and schools for their children and to permit them to return to their village 
homes at somewhat irregular intervals. This difficulty is offset, to a large degree, 
by the fact that the Eskimos are remaining permanently in the area and depend almost 
entirely on mining for any earnings above their normal subsistence. 


The population 1950 census of the various settlements on Seward Peninsula and of 
settlements closely adjacent to Seward Peninsula is listed below: 


Population Population 


Candle: .isies.ietecso saws 105 Koyuk eceoeescecesceooencece 134 
Council. iscseseusenews 41 NOME waccoccccccccccecccce 1,930 
Deering ccccccecccvcevecs 174 Noorvik csccccsscesecese 248 
Diomede .cccccccccvcccecs 103 S@Lawihk -isc6weses ee eeeus 273 
Elephant Point ccccccces 108 Shaktolik ceccccccccccece 127 
EL Lili: dieses. See wise we oie ase 154 Shishmaref eovcccceccccece 194 
GOLOVIN 6506 ses eiiees owes 94 Shun gnak eoeeoececeeecoce 141 
Haycock coeeeeoeeeoeesec 24 Solomon eoeeseeeceoecoce 93 
Igloo eoeceseseccsseccees 64 Teller .cccccccsccccsoece 160 
Riana wcccccccccnccveces 181 Teller Mission .occccece 109 
Kobult: 6 o0:0'0. 0:6 606 ees ee uds 38 Unalakleet: 2644484466666 469 
KotZebue wccccvcccccscecs 623 WALES i560 6 b6 0.65050 88 141 

White Mountain ecocececcs 129 


Total population CHEHCHHC COOL EOHO HOC EOOC EEO SESE EOELE 5,857 
Total native (Eskimo) CCOHOSCCRSC COC COSCO EOE OED EOCe 4,207 (estimated) 
Total nonnative wsecccccssccccccccesessccccccce 1,650 (estimated) 


Note. = King Island Eskimos probably were counted with the population of 
Nome, where they migrate each summer. 


The geographical distribution of the settlements is shown in figure 3. The 
population of the smaller settlements is almost entirely Eskimo. Assuming that the 
ratio of able-bodies Eskimo males to the total Eskimo population is about 1:4, it is 
estimated that the potential Eskimo labor supply in the area is about 1,000. Although 
most of the Eskimos who worked at the Lost River mine were from Teller, Wales, or 
Shishmaref, a larger and more sustained demand undoubtedly would draw workers from 
the more remote villages. 


WAGES 


The wage and salary rates paid at the Lost River mine during 1954 - the most 
stabilized period of continuous operation - are listed below. Supervisory personnel, 
office and clerical workers, mechanics, and most of the contract miners were white; 
surface and underground laborers, mill operators, hoistmen, trammers, mucking- 
machine operators, and a few contract miners were Eskimo. For comparison, the rates 
for a number of similar jobs in the Coeur d'Alene district of Idaho are given; these 
rates, about average for the district, are from the October 1, 1955, agreement be- 
tween the Sunshine Mining Co. and local No. 5089, United Steelworkers of America: 
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Q 
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Data from 1950 Census 


FIGURE 3. - Population Distribution in Seward-Peninsula Area. 


Lost River |Coeur d'Alene 

rate per month | rate per hour | rate per hour 
General superintendent ..... 
Mill superintendent .....ee. 
Mine engineer .ccccccccccces 
Mine shift foreman ..ccccces 
Assayer ecoeeceeceovoeseeeeeoeece 
Bookkeeper .ccccccccccccccece 
Warehouseman ..ccccccccccvee 
COOK: 5 :6:5.6.6 aie'w seis 010s bs-sO'cs ees 


Power=-plant operator ..cccos 


EL@CEDLCLAN: idck does eeeeuwis $2.50 

Mechanics: sirinwsesieecen te ee 2.00 

Bulldozer operator ..wcccceces 2.00 

Surface laborer .cccocccccce 1.50 1.82 

Mill operator .ccccsccccceces 2.00 4-2.20 

Miner were reereee eS ee Contract 1-2.27 

TIMDGQMANn: s:6-0's'w cee bowe seca ee do. 2.14 

Mucker-trammer .ccoccseccecee 1.75 2.14 

Mucking-machine operator ... 1.75 2.14 

Hoistman (single drum) ..... 1.75 2.14 
2.01 


Motorman eeeoeaeseaeoeanene2eneoeeeeoeee @ 1.75 
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Virtually all mining and all timbering were on a "labor contract" basis. The 
company provided all equipment and supplies; the miners were paid for labor at unit 
prices, as follows: 


Drifts and crosscutS esccccececcee cost per foot 
(depending on conditions) cccccccccceccccceee $12.00-$17.00 


Raises (timbered) CooeeCoceeeceeeeeserer do. a 18.00 
Raises (untimbered) .ccccccccccccvccs Ae wove 10.00 
Stoping .wccccvcsecccscccsceccccses COSt per ton 65 


Earnings of the contract miners ranged from the guaranteed minimm of $1.75 per hour 
to more than $5.00 per hour, depending on conditions and the ability and energy of 
the miner. The hourly rates quoted in the above table are for day shiftwork; for 
other shifts a differential was paid as follows: 


Differential 
Starting time (inclusive) per 8-hour shift, cents 
Afternoon (11:31 a.m. to 3:14 p.m.) eoeveeeces 40 
Night ( 3:15 p.m. to 7:30 pom.) cccncocce 60 
Graveyard ( 7:31 p.m. to 4:59 a.m.) wcccccces 80 


Note. - Contract rates were negotiated for each contract. 


All hourly rates were based on a 40-hour workweek; overtime was paid at 1-1/2 times 
the base rate. The Lost River mine operated 7 days a week. 


Board at the Lost River mine was charged at the rate of $3 per day. No charge 
was made for room rent in the bunkhouse or for family housing. 


Transportation from the point of hire and return was paid after 1 year of 
service. 


Details of labor costs are presented in the section on costs (p. 56). 
SPECIAL OPERATING PROBLEMS 


Lode-mining operations at Lost River or in other parts of western Seward Penin- 
sula are subject to few, if any, difficulties that are uncommon to lode-mining oper- 
ations in isolated parts of other northern countries. Nevertheless, four problems 
deserve some special discussion; these are: (1) Transportation and communication, 
(2) housing and recreation, (3) water supply, and (4) permafrost. 


Transportation and Communication 


When compared with transportation problems or many mines in the mountains of 
Western United States and in interior Alaska and northern Canada, those problems at 
Lost River are relatively simple, because no long overland freight haul is involved. 
The chief problem is created by the short season during which heavy freight may be 
shipped or received. Because of this brief transportation season, large inventories 
of supplies and concentrates must be maintained, requiring Large warehousing facili- 
ties and considerable interest charges on unproductive capital. These charges or 
the freight charges for the long ocean haul are offset, at least in part, by lower 
requirements for the equipment and labor that would be involved in overland haulage 
to inland locations. 
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Interruptions to mail communications and, during frequent, short periods, to 
radio communications constitute a relatively minor annoyance, for which adequate pro- 
visions should be made but which should not be serious for a well-organized operation. 


Housing and Recreation 


The very rigorous climate, combined with extreme isolation, requires special 
provision for well-insulated, well-heated buildings, cheerful quarters for families 
and single-status employees, and facilities for indoor recreation. All these are 
needed, especially for the married employees, if a competent staff is to be maintained 
with minimum turnover. Work at Lost River was started with minimum housing for single 
employees and almost no family quarters. It soon became evident that a good staff 
could not be retained without better living quarters for single men and without at 
least a few houses for staff families. It also became evident that only the younger 
and less responsible Eskimos could be retained unless provision was made for family 
accommodations. Consequently, it was necessary to build a new bunkhouse, minimum 
quarters for Eskimo families, and church, school, and store facilities for the 
Eskimos. The camp buildings and other equipment are described in detail in the cost 
section of this report (p. 49); the camp layout is shown in figure 16. 


The housing would be adequate, on a minimum basis, for resumption of limited- 
duration operations on the existing (100-ton-per-day) basis or for the exploration 
program that would be an advisable prelude to any plans for permanent operations. 
Any long-range production plans, however, should include provisions for a single 
unit or for a closely knit group of units of well-insulated, fireproof construction, 
which would provide all housing for single employees, mess hall, change rooms, rec- 
reation and reading rooms, offices, and warehouse; these should be connected to the 
mill and mine by covered walkways. Small but modern houses for at least 3 or 4 key- 
management personnel should be built, and the other family accommodations should be 
improved gradually. 


Water Supply 


One of the chief problems during the recent operations at Lost River mine was 
obtaining a steady, dependable water supply for milling. Although the total annual 
runoff should be adequate for an establishment many times larger than the existing 
plant, the surface flow is not dependable, because the total lack of vegetation 
results in rapid surface runoff; furthermore, surface flow stops during the long, 
cold winters. 


Subsurface flow in the gravels just above bedrock on Lost River provided mill 
water during the one winter of continuous operation. This flow had been known to 
exist and was considered in the original plans; it was developed for use by means of 
a 10- by 12- 15-foot wood-lined sump in the gravels of Lost River a short distance 
below its confluence with Cassiterite Creek. To increase the catchment for this 
sump, a bedrock drainage drift was driven 30 feet across the river channel. This 
development provided a nearly steady flow of 300 gallons per minute, which was pumped 
to the mill through 9,000 feet of heavily insulated transite pipe, heated With a 
thermostatically controlled electrical heating system; the system is described in 
detail in the section on costs. From February to May, however, the flow decreased 
to the extent that mill operations had to be suspended a number of times while the 
water in the sump was being replenished. The aggregate shutdown time per month 
(1954) because of water failure follows: 
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| Month Hours Shifts 
February e@eeeoeaeeoeaeasvoeeveeeeeovneeeeneeeee 86.0 10.75 
March ee@eoeeoeoooaoeaeecoeoeeneoveaeaesnoedveoeeoeo eee 0 @ 44.0 5.50 
April eee eooe@geoeeeeeeaece0@02seoee eee ee ee @ @ 285.9 35.74 
May eeeoeoeeoeeaeeaeeeeeenaeaeovueedee@eeonoed ee ee e808 76.9 9.60 


Total eeee@eaeeo0ee0ee020000008088608086 492.8 61.59 
Note. =- Equivalent to 20.5 days of operation. 


This test indicated an actual recovery of approximately 150 million gallons, 
or 620,000 tons of water per year. Undoubtedly recovery could be increased by addi- 
tional development of the Lost River channel. The width of the channel at this point 
is estimated at 300 feet. Inasmuch as only 40 feet, or about one=-seventh of the 
total width, was developed, it may be assumed that by extending drainage drifts 
across the entire channel substantially more water could be recovered. Whether the 
additional recovery would be proportional to the additional width of the developed 
channel could be determined only by trial. Because of continuous silting, the sump 
and drainage channels require periodic maintenance. The gravel in the valley of 
Lost River is not frozen permanently, but seasonal frost extends to a considerable 
depth and prevents rapid recharge of underground channels during the initial spring 
runoff. 


The combined drainage area of Cassiterite Creek and Lost River above the con- 
fluence of the 2 streams is approximately 8 square miles. The average yearly pre- 
cipitation (11 inches) in this area should yield a runoff of about 6.5 million tons, 
which would equal the requirements of a 1,000-ton-per-day operation (at 18 tons of 
water per ton of ore) if no water is reclaimed. Unfortunately, the very unequally 
distributed runoff would require costly and probably impracticable storage facilities. 


An unlimited supply of salt water is available from the Bering Sea (6-1/2 miles 
from the mine), but the costs involved in utilizing this source of supply might well 
be prohibitive. 


Results of recent diamond drilling from the bottom level of the mine indicated 
that an additional supply of water may be obtained from the underground flow through 
the highly fractured limestone and granite that underlie the mine area. This flow 
may be derived from inland sources considerably beyond the limited drainage basin of 
Cassiterite Creek. Old reports to the effect that a strong flow of water had been 
encountered on the bottom level off the old shaft never were investigated fully, 
because the bottom level off the new shaft was driven about 30 feet above the old 
bottom level, which never was unwatered. At that time it was believed that the new. 
bottom level (365) was below sea level, but information since developed indicates 
that it is nearly 60 feet above sea level and therefore probably above the regional 
water table. During the last phases of the DMEA exploration program, diamond-«drill 
holes 5, 6, and 7, which penetrated relatively unaltered but highly fractured granite 
and limestone outside the zones of intense kaolinization and, partly, considerably 
below the 365 level, each tapped a heavy flow of water which had to be sealed off to 
prevent flooding the pumps. The drill-pressure gages indicated 50 pounds per square 
inch on each hole. It was impossible, in the time available, to make dependable 
measurements of the amount or continuity of flow that could be obtained. 


Summarizing, it can be said that a little additional development of the bedrock 
flow on Lost River will provide adequate water for a 100-ton-per-day operation and 
probably for a somewhat larger one. Moreover, a substantial or possibly a large flow 
probably could be obtained by developing underground, water-bearing fractures at 
slightly greater depths in the Lost River mine. [It appears likely that the size of 
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future operations, aside from the question of ore reserves, will be limited by the 
amount of underground water that can be developed. Continuous measurements of flow 
from existing drillholes would provide some indication of potential supply, but 
adequate testing would require that another level be driven at least 100 feet below 
the 365 level. 


Permafrost 


Permafrost has been encountered at Lost River in mine workings and in diamond- 
drill holes as mich as 200 feet below the surface. This condition affects explora-~ 
tion and mining in several ways and requires special operational procedures and pre- 
cautions. Openings driven in frozen material require little or no timbering if 
protected from seasonal thawing. If air is allowed to circulate freely through such 
openings during the summer, excessive caving is likely to occur because of the inten- 
sified frost action caused by repeated thawing and freezing. Diamond drilling in | 
permafrost must be conducted on a continuous basis or water circulated continuously 
to prevent formation of ice in the holes. Broken ore left too long in stopes that 
are in the frozen zone tends to freeze solidly and must be loosened by blasting to 
facilitate drawing. Air and water lines must be protected. Most of the problems 
due to permafrost can be solved by a well-planned mining schedule, control of air 
circulation, and judicious use of insulating materials. 


NATURE OF DEPOSITS 


General Geology 


The tin deposits of the Seward Peninsula have been the subject of numerous in- 
vestigations by the Federal Geological Survey since their discovery in 1900, and 
much information has been published. The various investigations and general geology 
of the tin-bearing areas are described by Steidtmann and Cathcart.9/ Detailed geo- 
logic studies of the Lost River deposits were made by the Federal Geological Survey 
during the recent period of mining activity.10 


Observations of the various geologists and engineers may be summarized briefly 
as follows: The tin-bearing areas are underlain by slates and limestones that have 
been intruded by granite and associated dikes. Granite stocks are exposed at Cape 
and Brooks Mountains, Tin Creek, and Black and Ear Mountains. Similar stocks were 
inferred from surface indications at Potato Mountain and Cassiterite Creek; existence 
at the latter was confirmed by diamond drilling and underground workings at the Lost 
River mine. Tin mineralization has been found associated with all known and inferred 
granitic intrusives except that at Black Mountain. Because all the granites have 
similar chemical composition and almost identical association with quartz-bearing 
rhyolite and dacite dikes, they are believed to have a common deep-seated origin. 


At Lost River numerous metallic minerals occur in widely varying amounts in the 
acid and basic dikes, in the contact-metamorphic zone of altered limestone around 
and overlying the granite stock, and, to some extent along zones of fracture in com- 
paratively unaltered granite or limestone. Cassiterite and wolframite are the chief 
ore minerals; other metallic minerals present in lesser amounts include scheelite, 
galena, marmatite, chalcopyrite, stannite, arsenopyrite, pyrite, molybdenite, stib- 
nite, and bismuthinite. Traces of cadmium, indium, and other rare elements also have 


9/ Steidtmann, Edward, and Cathcart, S. H., Geology of the York Tin Deposits, 
Alaska: Geol. Survey Bull. 733, 1922, 125 pp. 
10/ A bulletin on these studies is being prepared by C. L. Sainsbury, Geological 
Survey. 
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been identified. Nonmetallic gangue minerals include quartz, fluorite (often in con- 
centrations) , topaz, tourmaline, zinnwaldite, clay minerals, and lime-magnesium sili- 
cates. The approximate location of the principal prospects, as well as the general- 
ized geology of the Lost River area, is shown in figure 4. 


For mining purposes, the deposits at Lost River may be classified as vein-type 
or "dike" deposits and "disseminated" deposits; the latter includes the contact- 
metamorphic zone and the zones of fracture in granite or limestone. 


Disseminated Deposits 


Cassiterite and other metallic minerals occur in numerous discontinuous lenses 
and veinlets and as disseminations throughout a wide, irregular zone of altered 
granite and metamorphosed limestone adjacent to and overlying the buried granite 
stock. Although many high assays for tin and tungsten may be obtained from samples 
taken within this zone, the general average is comparatively low, and distribution 
of the metal content appears to be erratic. Along the contact, particularly where 
strong mineralization has developed, both the granite and the limestone are intensely 
fractured and altered. In many places the granite is almost completely kaolinized, 
and the clay constituents swell rapidly when exposed to air and water. In these 
areas openings that are not heavily and tightly timbered will close completely in a 
few months. 


Except for comparatively minor exploration, no development of the disseminated 
deposits has been attempted. On the basis of limited information now available, the 
recovery of tin from these deposits could only be accomplished by using large-scale 
mining methods that require no ground support, such as block caving or opencutting. 


Dike Deposits 


All ores mined to date and all reserves indicated by mine workings are in the 
Cassiterite dike or at the intersection of the Cassiterite dike with the Ida Belle 
dike (fig. 4). 


The surface of the Cassiterite dike has been traced throughout a strike length 
of about 8,000 feet; it has been proved by exploratory workings to be tin bearing 
throughout a strike length of about 2,200 feet and throughout a vertical range of 
about 1,000 feet. The width of the Cassiterite dike ranges from about 5 to about 
20 feet; the dip ranges from 60° to 80°, and the strike from S. 60° E. to N. 85° E. 
Generally, the width and dip are nearly uniform at about 12 feet and 70°, respec- 
tively, but locally the dike may roll and pinch or swell. Usually the tin content 
is lower where the dike narrows. | 


Where it is unaltered, the dike appears to be a normal rhyolite porphyry dike, 
but within the ore-bearing sections it has been shattered by irregular fractures and 
differentially altered by hydrothermal solutions. The degree of shattering as well 
as the nature and intensity of alteration differs from place to place in the dike; 
generally, the numerous fractures and irregular seams and masses of claylike material 
create an unstable condition in any mine workings that may be driven within the dike. 


The limestone walls of the dike are only slightly fractured and altered; con- 
sequently, they generally are firm, except in places where a breccia zone, which may 
be as much as 6 feet in width and usually is tin=-bearing, is on the hanging wall of 
the dike. From the above description it is apparent that mining operations on the 
Cassiterite dike involved only the relatively simple problem of mining a soft vein 
between firm walls; the principal difficulties are caused by hanging-wall breccia 
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FIGURE 4. - Prospects and General Geology, Lost River Area. Note.—Data from reports and maps by U. S. Tin Co., Federal 
Bureau of Mines, and Federal Geological Survey. Compiled by J. J. Mulligan, Bureau of Mines, 1956. 
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and by the fact that the dike material usually is so unstable as to require close 
timbering of its permanent openings. Fortunately, most openings in the limestone 
will stand indefinitely without support. 


The Ida Belle dike is 15 to 55 feet in width; this dike or dike system has been 
traced by intermittent surface indications throughout a strike length of about 3 
miles but is known to be tin bearing only within the first 750 feet easterly from 
its intersection with the Cassiterite dike. The composition and general character 
of the Ida Belle dike and its walls are similar to comparably mineralized parts of¢ 
the Cassiterite dike; therefore it may be assumed that, if ore shoots of minable 
grade are discovered in it, the mining conditions will be similar to those in ore 
shoots in the Cassiterite dike. Mining costs in the Ida Belle however, should, be 
appreciably lower because of its greater width. 


Numerous other dikes in the immediate vicinity of the Lost River mine are known 
to be tin bearing but have not been explored (fig. 4). If ore shoots are discovereg 
in them, presumably they would present essentially the same mining problems as the 
Cassiterite dike. 


EXPLORATION AND DEVELOPMENT 


Summary of Work Completed 


Although several extensive tin-bearing structures occur in the Lost River area 
the major exploratory effort and all development have been confined to part of the 
Cassiterite dike and the associated contact metamorphic zone. The exploration pro. 
grams completed at the Lost River tin mine are summarized as follows: 


Operator, period and units 
Various owners|Federal Bureau 


and lessees of Mines UsS. Lin. Corps. Total 
1903-20 1942-45 DMEA - DMPA |All Operators 
1928-30 1951-52 1951-55 1903~=55 \ 


Method feet feet feet 


Trenching: 
Eel 56 Age BELO ODOC NOOK 2,085 
DOZEE Soccescosesvecces 5, 900 

4 

Drilling: 
COLE waStIT LACED aielousue cvele 8,899 
Core, underground .... 1,984 
Percussion, longhole .. WAS) 

Exploratory openings: 

Drifts and crosscuts . 4,384 | 
Raises! wcccceesccese0o 275 
Shahteeon winZey wercieeres 820 . 


1/ Exploratory rise from 365 level; other rises driven for stope preparation are 
not listed. 

2/ Driven to replace caved, inclined winze, completed during first exploration 
period, 1903-20. 


The principal workings are shown in plan in figure 6 and in section in figure 7, 


Zu 


FIGURE 5. - DMEA Sampling Data, 195 Level and 365 Level, Lost River Mine. Note.-- 
Values are percent Sn unless otherwise designated, Nil = 0.05 percent 
Sn. Channel samples assayed at Lost River by U. S. Tin Co. Longhole 
and diamond-drill samples assayed at Juneau by Federal Bureau of Mines. 
Map traced from prints of U. S. Tin Co. maps. Drill holes, sample lo- 
cations and assay data compiled from reports by U. S. Tin Co. and DMEA 
field team. Compiled by J. J. Mulligan, Bureau of Mines, 1956. 
(In pocket at end of report.) 
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FIGURE 6. - Composite-Level Map, Lost River Mine. Note.—Map compiled from blueprints and reports by U. S. Tin Co. and DMEA field team. 
Compiled by J. J. Mulligan, Bureau of Mines, 1956, 
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Drilling 
Diamond Core Drilling, Surface 


Diamond drilling from the surface was undertaken by the Federal Bureau of Mines 
in 1942 and 1943 to explore in depth the Cassiterite and Ida Belle dikes, as well as 
to attempt to prove the existence of a postulated granite cupola. The surface dia. 
mond drilling was completed in 2 field seasons, using 2 drills 2 shifts per day dur. 
ing the greater part of the program. Overall drilling progress (reaming, casing, 
and cementing) was 23.8 feet per drill-shift. Of the total 8,899 feet of hole 
drilled, 45 percent was cased, 17.7 percent cemented, and 8 percent reamed. 


Most of the holes were inclined 45°, but 1 was drilled at 70°, and a few at 30°. 
Holes were collared through frozen overburden into firm rock with a BX-size bit, 
advanced with AX size until loss of return drill water or caving necessitated casing 
and completed with EX size. Holes ranged in depth from 192 to 683 feet but averaged. 
404 feet. 


The diamond drills used were the skid-mounted, gas-powered, screw-feed type, 
chucking EX rods, and rated at 1,000 feet of EX hole. Cast-set diamond bits and 5. 
foot, rigid, double-tube core barrels were used to recover core. Core recovery was 
nearly complete in the limestone walls of the dikes. In the soft, altered dikes cor 
recovery averaged 60 percent. 


Continuous circulation of water in the holes was necessary to eliminate the 
formation of hard ice, which completely filled the holes if circulating water was 
stopped for periods exceeding 4 hours. The ice thus formed had to be core-drilled 
before the hole could be advanced in rock. The drilling rate in ice averaged 50 
feet per hour. The results of the surface drilling program were presented in detaj] 
by Heide .11/ 


Diamond Core Drilling, Underground 


Diamond drilling from underground stations on the 365 level was authorized by 
DMEA contract to explore the metallization and contour of the limestone-granite con. 
tact, as well as to test for the existence of the Cassiterite dike structure in the 
underlying granite. A total of 1,984.5 feet of drilling in 8 holes was completed, 
Overall drilling progress, including casing and cementing, was 14.8 feet per drill- 
shift. The average depth of all holes was 247.6 feet; the average depth drilled at 
each bit size was 16.7 feet BX, 111.1 AX, and 119.8 EX. The holes were drilled at 
various inclinations between horizontal and vertical. Approximately 20 percent of 
the total drilling was in limestone and the remainder in granite. 


The drill used was a column-mounted screw-feed type (Chicago-Pneumatic 55a), 
powered by a rotary air motor and rated at 500 feet of EX hole. Feed gears were 200, 
300, 400, and 500 revolutions per inch of advance. Cast~-set diamond bits and 5-foot 
rigid-type core barrel were used to recover core. 


Overall core recovery averaged the same in limestone or granite - 84 percent, 
Difficult drilling conditions were encountered in the soft, highly altered contact 
zone, which ranged in character from clay to a friable, decomposed granite. Although 
clay sections of the contact zone were recovered as core, this core was sometimes 
exceedingly difficult to remove from the inner tube because of the swelling proper- 
ties of the clay. On exposure to air, the decomposed granite air-slacked and disin- 
tegrated to a mass of quartz grains, mica flakes, and clay. 


1l/ Work cited in footnote 8, p. 3. 
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Experiments with a swivel-tube core barrel in drilling the contact zone indi- 
cated that neither superior core recovery nor faster penetration rates could be ob- 
tained than those with a rigid=tube core barrel. In clay, a swivel-tube core barrel 
penetrated only to the depth of the bit and shell before it blocked at the junction 
of the inner tube and shell. 


Experience in drilling the contact zone proved the necessity for drilling with 
more than the normal amount of water. Various types of drill bits were tried in the 
contact zone; the most successful was a diamond bit with greatly enlarged waterways. 
The additional volume of water obtained at the bit crown by enlarged waterways kept 
the bit face free of the sticky clay. A stellite-tipped sawtooth bit was used suc- 
cessfully in drilling the highly kaolinized parts of the contact. In the granitic 
phase of the contact zone the stellite-tipped teeth of the bit were rapidly destroyed 
by abrasion from the coarse quartz in the granite. Im the contact zone the holes 
were cased to the greatest possible depth, and the casing was kept as close to the 
face as possible. 


In the unaltered granite several holes tapped watercourses that maintained a 
static water pressure of 50 to 60 p.s.i. at the hole collar when capped. The volume 
of water from the holes was not measured. Locations of the DMEA diamond-drill holes, 
sampling results, and graphic logs are shown in figure 5. 


Percussion Drilling, Longhole 


A total of 1,795 feet of longhole percussion drilling was completed from the 195 
and 365 levels as part of the DMEA program. The chief purpose of longhole was to 
sample the cassiterite dike at intervals of 20 to 25 feet along the levels. One 
longhole was drilled to sample the contact zone and 6 to sample metallization of the 
adjoining granite. The average depth of hole was 51 feet; several holes were 60 feet 
deep. Drilling progress was from 35 to 50 feet per drill-shift; the depth depended 
largely on the skill of the driller. 


All holes were inclined upward 5° to assure maximum recovery of drill cuttings; 
most of the holes were drilled nearly normal to the strike of the Cassiterite dike. 
Generally, longholes were collared and drilled 6 to 10 inches with a 3-inch Timken 
steel bit. The collars were cased with a piece of pipe (2-1/2 inches i.d. and 10 to 
16 inches in length), which deflected drill cuttings into boxes. Holes were com- 
pleted with tungsten carbide bits, sized from 2-1/4-inch diameter. Drill rods were 
l-inch hexagonal, in 2-, 3-, or 5=foot lengths. Case-hardened couplings were 4-1/2 
inches in length with an outside diameter of 1-3/4 inches. The drill was a 4-inch 
Sullivan hand-cranked drifter, mounted on a 4-foot aluminum shell with a sliding 
cone. Hole locations and sampling results are shown in figure 5. 


Drifting and Crosscutting 


Exploration and development drifts and crosscuts were predominant in limestone, 
although 730 feet of drifting on the 365 level was in granite. Drifts normally were 
> by 7 feet in cross section; they required timbering only when driven in some parts 
of the Cassiterite dike or in the altered limestone and granite of the contact zone 
on the 365 level. 


A normal drift round consisted of 16 holes, including a 4-hole burn cut. The 
depth of round drilled generally was 7-1/2 feet, with a corresponding advance per 
round blasted. The rounds were blasted by 40- or 45-percent gelatin dynamite in 
"Redi-slit" cartridges, detonated by fuse and No. 6 caps or electric delays. Stem- 
ming holes or the use of spacers was seldom practiced, although it was tried in an 
effort to alleviate coarse fragmentation experienced in some parts of the granite. 
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Several types of drills were used in drifting. A drill jumbo, mounting two DB-~- 
30 automatic feed drifters; hand-cranked, 4-inch drifters, mounted on columns; and 
jackhammers, mounted on pneumatic feed legs. Drill steel was seven-eights inch 
hexagonal 2-foot changes. Detachable tungsten carbide-insert bits, as well as de- 
tachable reground steel bits, were used for drilling the round. A 2-inch compressed- 
air line and a l-inch water line along the side and bottom of the drifts supplied the 
drills. Air and water Lines were all victualic coupled. 


A rocker shovel was used for loading end-dump cars of 2l-cubic foot capacity. 
On the lower levels cars generally were hand-trammed and dumped directly into the 
skip at the shaft. Empty cars were supplied to the rocker shovel from the nearest 
crosscut. A storage-battery locomotive was used to haul cars where the distance 
from the drift heading to the shaft exceeded 500 feet. A compressed-air locomotive, 
intended for haulage on exploratory drifts on the lower levels, could not be used 
efficiently for this service, because track curves were too sharp for the wheelbase 
of the air locomotive. The track gage was 18 inches; the rail weighed 30 pounds per 
yard in the main haulage and headings, but smaller rails were used in some explora- 
tion drifts. Load-favoring grades in the drifts were between 0.5 and 2.0 percent. 


Drift headings in the lower levels were ventilated by air drawn from the No. 3 
adit by a blower at the collar of the shaft; air was transmitted down the shaft to 
the heading by a 12-inch vent tube. Compressed air was used in clearing smoke from 
the face; muckpiles were sprinkled with water to alleviate obnoxious fumes and dust. 


Where immediate support was required, drifts were timbered with 8- by 8-inch- 
square timbers for caps and posts, 4- by 4-inch girts or collar braces, and 2- by 
12-inch lagging on the back and sides. The cap was blocked at the ends and bulk- 
headed to the back. Timbers were not framed. The frame for members of a set was 
nailed on 2-inch planks of appropriate length and width. Drift sets had no standard 
spacing in the exploratory drifts; the spacing ranged from 4 to 7 feet, center-to- 
center. Inside dimensions of drift timbers were at least 5 by 6 feet. As a rule, 
the drifts were timbered only where immediate support was absolutely necessary; 
almost no attempt was made to support exploration drifts for permanent or semiper- 
manent maintenance. 


A drifting crew of 2 men normally completed in 1 shift a cycle of removing a 
blast round and drilling and blasting another; the same crew also extended the 
track, vent tube, and air and water lines. 


All new drifts, crosscuts, and raises below the haulage level (No. 3 adit) were 
driven under the terms of the DMEA contract. This work totaled 2,867 linear feet, 
including the 75-foot 190 raise. Channel samples were cut from all altered or min- 
eralized zones encountered in the new openings, and the geology was mapped in detail. 
The location of the DMEA exploratory openings and the sampling results are shown in 
figure 5. 


Raising 


Most stope-development raises (figs. 8, 9, and 10) were driven in the limestone 
on the footwall side of the Cassiterite dike; however, the 365 raise was driven for 
its entire length in the dike, and the 545 raise was begun in the hanging wall of 
the dike. The 190 raise was driven vertically from the 365 level in granite to test 
the metallization of the granite-limestone contact. 


The principal raises completed during the operating period, the average incli- 
nation, and the approximate length of each are listed as follows: 
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FIGURE 8. - Mining Method Used by U. S. Tin Co., Lost River Mine. Note.—Traced From Map by U. S. Tin Co. 
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FIGURE 9. - Flowsheet of Initial Mill, Lost River, June 1952. 
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FIGURE 10. - Flowsheet, Lost River Mill, May 1953. 
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Average 
inclination 
55°45! 


feet 


Location 
In hanging wall of dike. 


365 E. 67° 30' In Cassiterite dike. 

156 E. 75°15' In footwall of dike. 
53 E. 72°15! Do. 
10 E. 69°00 ' Do. 
79°15! Do. 


In granite 365 level. 


Vertical 


The stope-development raises in the footwall of the Cassiterite dike were gen- 
erally inclined to conform as nearly as possible to the dip of the dike and, accord- 
ingly, were inclined from 56° to vertical. From the footwall of the dike at sublevel 
intervals of 20 to 25 feet up, the raises ranged from zero to 30 feet. 


Stope-development raises consisted of a manway-timberslide, timbered compart- 
ment, and an untimbered chute compartment. The average raise section excavated was 
6 by LO feet. The manway-timberslide compartment, which occupied half the raise 
section, was timbered by 2 sets on 5-foot centers. Caps and posts were 8- by 8-inch; 
the posts were of different lengths but generally not longer than 6 feet. Caps, nor- 
mal to inclination of raise, were blocked at both ends by 2-inch headboards. The 
walls of the manway compartment were lagged by 2- by 12-inch boards behind the posts. 
The timber was unframed; 2-inch spreaders (boards) of appropriate width were nailed 
in place. The timberslide was formed of 4 boards (1 by 10 inches each), 2 on the 
bottom and 1 on each side. The chute compartment was formed by lining the adjacent 
set of the manway-slide compartment with 2- by 12-inch boards; other sides of the 
chute were formed by the excavation. The average total timber used per foot of 
raise was 53.4 board-feet. 


Raise rounds were drilled by self-rotating stopers, chucking l-inch hexagonal 
drill steel in changes of 2 feet. Detachable, reground steel bits were used in 
raises. A drill round comprised 16 to 24 holes; a burn- or V-cut was drilled over 
the chute compartment of the raise. Normally a round was 6.5 feet in depth and 
advance as per round blasted; 40- or 45=percent gelatin dynamite, detonated by fuse 
and No. 6 caps, was used. Powder consumption was 9.45 pounds per foot of raise. 


Air tugger hoists with 5/8-inch cable serviced the raises. A victualic-coupled, 
2-inch airline and a l-inch waterline, installed between the ladder and timberslide, 
served the raise and subsequent drilling in the stopes. 


Shaft Sinkin 


A vertical shaft was completed to a depth of 385 feet below the No. 3 adit level 
to provide access for exploration of the Cassiterite dike and the granite cupola, 


The shaft collar is in the limestone footwall of the Cassiterite dike off the 
No. 3 adit, 600 feet east of the portal. The shaft extends above the adit level to 
a skip dumping point 40 feet above the collar set. The capacity of the skip pocket 
at the adit level is 26 tons. 


The shaft contains a 4=- by 5=-foot hoisting compartment and a 2= by 5-foot man- 


way, pipe, and powere-cable compartment. The average shaft section excavated was 7 
by 10 feet. 
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The sinking hoist was a Ledgerwood steam hoist converted to compressed air. The 
drum of the hoist was 3 feet in width and 4 feet in diameter; the drum was grooved 
for 7/8-inch cable; the rope speed was 300 feet per minute. 


Sinking was on a 2-shift-per-day basis, with a 4-hour interval between shifts 
for clearing smoke. The sinking crew was composed of 2 men per shift in the shaft 
bottom; these men, with the services of 1 hoistman, performed all phases of the 
sinking cycle. One timber framer provided both sinking crews with framed timber as 
needed. Each crew mucked, drilled, and blasted for three consecutive shifts; a set 
of timber and required pipe, ladders, etc. were installed on the fourth shift. 


Jackhammers were used for drilling; both men of the crew normally operated one 
drill. Tungsten carbide bits and seven-eighths-inch hexagonal steel in changes of 
2 feet completed the drilling equipment. Approximately half the shaft section, 
4 feet in depth, was drilled per round of 9 holes. A bench cut, which alternated 
from side to side, was used; thus, 1 end of the shaft bottom always was 2 feet below 
the other. This type of round not only facilitated drainage and mucking but reduced 
damage to timbers, as it tended to throw the broken rock toward one end of the shaft 
instead of up. Drill rounds were charged with 40-percent gelatin dynamite and det- 
onated by electric delays (Nos. 0 to 5), wired to a blasting switch at the collar 
of the shaft. Holes were spaced widely and blasted lightly to minimize production 
of fines. Consumption of powder was 10 pounds per foot of shaft advance. 


Blasted rounds were mucked into a bail-type sinking bucket of 1LO-cubic-foot 
capacity, which rode temporary guides to the dumping point. The dumping mechanism 
consisted of a weighted door actuated by cable and an air tugger operated by the 
hoistman. In the closed or dumping position the door would guide the bucket as it 
was lowered, so that projecting ears at the bottom of the bucket would engage in 
notches and form a pivot for tilting the bucket. Approximately 20 buckets were 
mucked per round blasted. 


Timbering followed advance of the shaft bottom by 20 feet, with sets installed 
on 5-foot centers and end-plate bearing sets placed at intervals of 100 feet in 
depth. All shaft sets were made of sawed timbers, framed and trial-assembled on the 
surface. Members of the set were 8 by 8 inches, except for the divider, which was 
8 by 6 inches. Side lagging was 2 by 12 inches. Sets were hung by 3/4-inch bolts. 
A blasting set of 10-inch-diameter round timbers, suspended by cables, served as a 
stage to install the sets and also protected the timber from blasting. Timber used 
per foot of shaft was 178 board feet. 


The shaft was ventilated during sinking operations by 12-inch collapsible tub- 
ing connected to a blower at the collar of the shaft. 


Water presented no problem to shaft-sinking operations; the shaft was nearly 
dry to a depth of 385 feet below the adit level. The water accumulating in the 
bottom of the shaft resulted mostly from drilling operations and was easily bailed 
out. The flow of water encountered by diamond drilling below the 365 level and water 
encountered in the old winze at 40 feet below the 365 level indicate that pumping 
may be a serious problem at increased depths. 


A Kimberly-type skip of 30-cubic-foot capacity and an electric, 40-hp. Coeur 
d'Alene Jr. hoist were installed in the shaft after sinking operations were com- 
pleted, but no skip pockets were excavated on the lower levels; cars were dumped 
directly into the skip. The shaft is in hard, siliceous limestone, relatively free 
of fractures and faults; consequently, the shaft should remain in usable condition 
until the timber decays. 
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STOPING PRACTICE 


Almost all tin ores obtained from the Cassiterite dike were mined by an advanc- 
ing system of shrinkage stoping; insignificant production was obtained from stope 
development and preparation headings. All stopes were above the No. 3 adit level. 
Nearly all development and much preparation of the stope were done in the Limestone 
foot wall of the dike; only one stope (the A-I-E) was developed in or on the hanging 
wall of the dike (see figs. 7 and 8). Several methods of stope development, prepara- 
tion, drilling, and ore drawing were tried; various sizes of stope blocks also were 
tried. 


Deve lopment 


The greater part of the development drift under the area stoped is in limestone 
at distances ranging from 5 to 30 feet from the footwall of the dike. The reaminder 
of the drift is in or near the hanging-wall side of the dike. Stoping blocks were 
developed by 2-compartment raises, spaced at intervals of 50 to as much as 200 feet 
apart. Raises in the limestone under and at variable distances from the foot wall 
of the dike were inclined to roughly parallel the dip of the dike; however, the 365 
raise was in the dike, and the 545 raise in the hanging wall. At vertical intervals 
of 15 to 30 feet, small crosscuts or inclined raises were driven from the main raise 
to the footwall of the dike to provide access to the stope for subsequent mining. 

In the A-I-E stope these access sublevels were driven in the dike from the 365 raise 
in the dike. Most of the raises were driven from the No. 3 adit level approximately 
200 feet to the No. 1 adit level. 


Preparation 


The first stopes mined were prepared for drawing ore by means of sublevel- 
slusher drifts, in which the ore was transferred to raises and then to chutes on the 
haulage level. Later the ore was drawn from the stopes through shovel-loader draw- 
points at the main haulage level. 


For the slusher-drift-chute method of drawing ore, a sublevel slusher-grizzly 
drift, 20 feet above the back of the haulage level, was driven in the footwall 
between the main raises. Short crosscuts or inclined raises from the slusher sub- 
level were driven into the dike at intervals of 20 feet to serve as ore passes for 
the broken ore to the sublevel; from the sublevel the ore was moved into the chute 
compartment of the main stope raise by a 34-inch scraper. 


Shovel-loader drawpoints were prepared by driving crosscuts from the haulage 
drift to the footwall of the dike and by driving short raises, which were enlarged 
upward to connect with similar raises from adjacent drawpoints. A small pillar 
between adjacent drawpoints remained in the dike. An alternative method was to 
drive a sublevel in the dike 20 feet above the back of the haulage level between 
main stope raises and then drawpoint crosscuts and belled raises to the sublevel. 
Drawpoint crosscuts were spaced at intervals of 20 to 30 feet along the haulage 
drift, but intervals in the dike varied more because the drawpoint crosscuts were 
not driven parallel to each other. These crosscuts were driven at various angles 
with the main haulage drift, some as slight as 30°; others as much as 90°. 


Drilling and Blasting 


Two methods of drilling and blasting were used in the stopes: (1) The longhole 
from sublevel stations either in the footwall of the dike near main raises or in the 
dike itself some distance in the stope from the main raises; or (2) the conventional 
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breast round, drilled by jacklegs from the top of the broken ore. Selecting the 
drilling method to be employed in the stopes was governed largely by the availability 
of competent miners and by the hardness of the dike; the longhole system was used 
more often in the relatively softer parts of the dike. 


Longhole rounds usually consisted of 8 to 12 holes up to 35 feet in length, 
drilled by a column-mounted, 4-inch drifter with sectionalized steel and tungsten 
carbide bits. The holes were drilled diagonally across the dike; the average burden 
was 8 feet. The longer holes of a round generally were sprung with 8 to 10 sticks 
of powder; the chamber thus formed at the end of the hole was loaded with 40 to 60 
sticks of 40- or 45=-percent gelatin dynamite, detonated by electric delays. Figure 
8 illustrates a typical longhole round. 


A breast round by jacklegs usually consisted of 12 holes drilled to a depth of 
7 feet; the average burden on the holes was about 4 feet. The round was blasted with 
40- or 45=-percent bulk-strength gelatin dynamite, detonated by No. 6 caps and fuse. 
Figure 8 illustrates stoping progress. 


Both methods of drilling were used in all stopes. Essentially, excavation was 
in horizontal slices, which were started from raises at each end of the stope block. 
Because the end of the stope block mined by longholes was allowed to advance verti- 
cally at a greater rate than the end mined by jacklegs, the back of the stope soon 
was sloped steeply instead of remaining horizontal. 


Drilling and blasting of ore were contracted to the miners at 65 to 75 cents 
per ton broken - the price depended on the working place. The small sublevel cross- 
cuts and raises inside the stope, incidental to preparing the drilling stations, 
were driven by the miners at a contract price of $10 per linear foot. The company 
furnished all tools, supplies, and equipment provided extra help for piping, etc., 
and occasionally allowed pay for extra shifts to compensate for lost time caused by 
stuck steel, machine breakdowns, or other delays not the fault of the miners. Pay- 
ment to the miners on contract work was based on the measured volume of stope exca- 
vated or on the linear feet of sublevels or raises driven. 


Drawing Ore 


Shovel loading from drawpoints was superior to the chute and slusher-grizzly- 
sublevel method of drawing ore from stopes. The only difficulty experienced by the 
drawpoint method resulted from drawpoint crosscuts being too short, too sharply 
angled to the main haulage drift, or too widely spaced. Some coarse waste was sorted 
at the drawpoints. Ore was hauled to the mill in trains of 5 end-dump cars (21- 
cubic-foot capacity each) by a l-1/2-ton storage-battery locomotive. The two-man 
haulage crew also operated the shovel loader. 


Support 


Small pillars of ore were left in the dike in the vicinity of the main raises; 
otherwise, the stope openings were unsupported. 


Discussion of Methods and Results 
Direct comparison of the longhole and conventional methods of shrinkage stoping 


as practiced at Lost River is not possible, because both methods often were employed 
in the same stopes and performance records were not maintained separately. 
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Productivity at the stoping face ranged from 12 to 70 tons of ore broken per 
(driller) man-shift. Powder consumption in individual stopes and by both drilling 
methods ranged from 0.6 to 1.3 pounds per ton of ore broken. Average powder consump- 
tion for the total ore reported broken was 0.76 pound per ton. Slightly more than 
4.5 tons of ore was broken per hole drilled, regardless of the drilling method used. 
Records of bit wear and steel consumption per foot drilled were not maintained. 


Accurate figures on recovery and dilution are difficult if not impossible to 
obtain, because ore faces were not sampled or measured systematically. Because many 
longholes were drilled diagonally across the dike, they penetrated the walls and 
broke waste, which caused high dilution. For the same reason and also because stopes 
could not be inspected or sampled properly, ore was left in the walls where it soon 
was covered by broken rock. The average grade of ore drawn from the stopes was only 
1.1 percent tin. The average tin content of all dike samples in or adjacent to the 
stoped blocks was approximately 1.4 percent. Maximum fluctuation in the grade of 
mill heads was 0.7 percent. A progressive decrease of 0.1 percent tin in the aver- 
age grade of ore drawn during successive 6-month periods apparently was largely 
attributable to progressively increasing amounts of dilution as stoping progressed. 
(See fig. 12.) 


The length of most of the stope blocks, the level interval of 200 feet, and the 
unbalanced stoping methods resulted in driving numerous branch raises and sublevels 
to provide working faces; about 1 foot of interstope-preparation headings, raises, 
and sublevels was driven per 130 tons of ore broken. 


A systematic method of stoping, based upon observations of the operation, is 
outlined in the Appendix. 


From September 1951 to April 1955, 23 compensable injuries occurred in the mine. 
Falls of rock caused 1 fatality and 7 minor injuries, nearby all of which occurred 
in 53 E. raise during the first year of operations, when many of the crew were inex- 
perienced miners. There were no injuries from rock falls in stopes. One fatality 
occurred in drifting when a miner delayed too long at the face after spitting a round. 


MILLING 


Summary and Introduction 


The United States Tin Corp. mill at Lost River, Alaska, was opened in June 1952 
and operated semicontinuously until September 1955. 


According to company records, over 51,000 short tons of ore (with an average 1.13 
percent Sn) was treated by gravity-concentration methods to produce 687.1 tons of 
concentrate (with an average 52.0 percent Sn). The average recovery of tin was 62.0 
percent. The gravity concentrate was treated by flotation to remove sulfides; the 
beneficiated concentrate was barreled and shipped to the tin smelter at Texas City, 
Tex. 


Mill recovery was well below that indicated by laboratory mineral-dressing tests, 
due chiefly to mechanical limitations of the grinding circuit that prevented disin- 
tegration of ore without excessive sliming of cassiterite. Information in this report 
has been obtained from personal observation, laboratory investigations, unpublished 
memoranda, and correspondence. The mill data are from monthly reports of the plant 
superintendent to the board of directors of the United States tin Corp. 
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Development of Mill 
Original Plant, 1951-52 


Because of financial complications and a tight. time limitation imposed by ship- 
ping conditions, the original mill at Lost River was designed to use most of the 
heavy machinery already at the mine, supplemented by such new and used equipment as 
was available immediately. The mill building was built and equipment installed dur- 
ing the fall and winter of 1951, but, owing to water-supply difficulties, the plant 
was not operated until June 1952. 


The plant was poorly equipped and not easily adaptable to changes in flowsheet; 
furthermore, an urgent demand for maximum production caused an all-out effort to pass 
as much tonnage through the mill as possible without much attention either to grind- 
ing methods or efficient concentration. The ore that was first treated could be 
ground easily; consequently the mill operators were able to greatly overload the 
concentration equipment. 


The flowsheet of the original plant is shown in figure 9. Crushing was effected 
by a 10- by 20-inch jaw crusher, set for l-1/4-inch discharge and fed by chute from 
a small, coarse-ore bin, followed by a 3- by 6-foot shaking screen, with 3/8-inch 
square mesh, and an Acme road-machinery jaw crusher of indeterminable size to reduce 
the screen oversize to minus-3/8 inch. The screen and secondary crusher were bypassed 
after 1 or 2 days of operation, because it was found that the bulk of the discharge 
from the primary crushers was minus-3/4 inch, and the ball mill apparently could han- 
dle such feed without a secondary crusher stage. 


The crushed ore was charged into the fine-ore bin by means of a bucket elevator, 
which maintained elevation without excessive blasting for erecting the lower part of 
the mill. 


Ore was removed from the fine-ore bin by a belt conveyor to a 3~ by 6-foot 
shaking screen. The screen was originally installed to remove ore fines before mill- 
ing but was employed only as a vibrating feeder for the 4- by 5-foot Union Iron Works 
ball mill. Pulp from the ball mill was discharged to a 14-mesh screen, with the 
oversize passing to two Denver duplex jigs; the jig tailing was returned to the ball 
mill. The screen undersize was split and fed to three Humphreys spirals, which pro- 
duced tailing and a rough concentrate. The latter was cleaned on a Wilfrey table to 
yield a final concentrate and a middling, which was returned to the grinding circuit. 


Operations for the first few days consisted of sporadic 4- to 6<hour runs at a 
feed rate of 60 tons per 24 hours. The results were extremely unsatisfactory, and 
the screen and jigs were eliminated after four short runs. 


The spirals, which had been installed without the bottom 1-1/2 tunrs, produced 
no low-tin reject and were discarded after only a brief trial. Much of the spiral 
feed was below the optimum-size range for spiral concentration; for fine feed the 
spirals apparently were overloaded. Subsequent laboratory-testing results indicated 
that tabling is superior to spiral concentration for treating Lost River ore. 


With the spirals and jigs removed from the circuit, the only remaining piece of 
concentration equipment was the single Wilfley table; consequently, the effective 
capacity of the mill was about 10 to 12 tons per 24 hours. Because of the demand for 
marketable concentrate, however, the company felt that it was important to treat as 
much ore as possible. Up to 40 tons of ore per day was passed over the single table. 
Milling loss was excessively high; tin recovery ranged from 35 to 45 percent. 
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An attempt was made during this period to prevent overgrinding during a three- 
shift run with half the balls removed from the mill. No attempt was made to control 
the density of the pulp. The test was discontinued because the treatment effected 
no noticeable improvement in recovery from the badly overloaded table. 


During the summer, six additional shaking tables and a hydraulic classifier were 
installed. With these and controlled grinding, the plant should have made fairly 
effective recovery of tin from a moderate tonnage. Treatment of ore, however, was 
increased to 100 tons per operating day during August and September, and no further 
attempt was made to prevent overgrinding. Results were inconsistent and erratic. 

The recovery of tin from ore averaging nearly 2 percent Sn ranged from 45 to 65 
percent. 


The mill was closed early in October because of a shortage of water. 
Additions and Changes, 1953 


During the winter of 1952-53 the arrangement of mill equipment (see flowsheet, 
fig. 10) eliminated many disadvantages of the original treatment plan. Fines were 
removed before grinding, coarse sands were jigged to remove ore minerals as soon as 
possible (adding an Esperanza classifier allowed better control of water to the ball 
mill) and sized feed was supplied to a concentration section of adequate capacity. 


Operation and maintenance problems, however, were intensified by the expanded 
concentration section. Equipment was crowded together within the limits of the mill 
building, and the remaining passageways were narrow. Lack of space hampered routine 
repairs on many machines. Operating the tables was difficult, because one set of 
tables was often obscured from another set by intervening equipment. Limitations 
on both cost and space precluded mechanical transportation of jig concentrate to the 
concentrate settling box, so this job was accomplished by hand-carrying the concen- 
trate in “powder box" lots. | 


Furthermore, it soon became evident that the concentration section had been ex- 
panded beyond the capacity of the crushing and grinding section. A crushing and 
grinding procedure was planned, suggested by laboratory tests conducted on Lost River 
ore by the Bureau of Mines. These tests showed that by crushing the ore to one half- 
inch and wet-screening it on a 6-mesh screen, at least 50 percent (containing about 
75 percent of the total tin) could be sent directly to the concentrating circuits 
without being ground. For a 100-ton-per-day operation, the ball mill was expected 
to grind not to exceed 50 tons of minus 1/2-inch feed per day and to regrind the 
middling returned from the tables and jigs. Only about 25 percent of the total tin 
was expected to be in the ball-mill feed, and thus sliming of a major portion of the 
cassiterite would be prevented. Sliming was expected to be minimized further by 
employing a light ball load, low pulp density, and a high circulating load in the 
ball-mill circuit. 


When milling was resumed in June, a series of tests was made over a period of 
13 days to determine the effect of varying ball loads and pulp densities in the ball 
mill. These tests showed that attrition grinding with small ball loads minimized 
sliming, and recovery of tin was 76 to 8l percent; also that low pulp densities had 
the same general effect. With both treatments, the ball-mill discharge contained a 
large proportion of plus-6-mesh material for recirculation; consequently, the tonnage 
treated was limited by the capacity of the return elevator. Conversely, it was found 
that increased ball loads and pulp densities reduced the oversize in the discharge, 
allowed increased tonnage, and resulted in lower recoveries. 
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The secondary jaw crusher proved to be incapable of crushing below three fourths 
of an inch; it failed mechanically several times. During the breakdown periods, it 
was necessary to operate the primary crusher with a minimum-discharge opening, which 
seriously limited the capacity of that unit and resulted in an ore product of approx- 
imately minus-1 inch. 


The grinding problem was complicated further by the fact that part of the mill 
feed proved to be much harder than the friable ore that had been treated the previous 
year and harder than any that had been tested in the laboratories. The relative 
hardness of the ore milled during the summer of 1953, compared with ore milled during 
other periods, is illustrated by typical screen analyses of ball-mill feed (see 
tables 2 and 3). 


TABLE 2. - Screen analyses, ball-mill-feed composite, July 18-22, 1953 


Product, Weight, Sn distribution, 
mesh percent percent Sn percent 
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TABLE 3. —- Screen analyses, ball-mill-feed composite, Februa 1955 


Product, Weight, Sn distribution, 
mesh percent percent Sn percent 
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G8 0-G) cmsieds-aeaerew eo-eee<iere ais 2./ 4.3 
G5 to 100 ccccccccccccsccsccces 2.5 4.4 
LOO: 60: L50: csc:g <:06 W005 'e. Syste 5c0-0:00% 2.2 4.6 
ESOC" 200. 2 oce oes oreeib-ee Wwe. eee 2.7 ev 
200. 00:32). .sos.o:36 56664 ww bee 4Ge 1.9 3.4 
Minus-325 sand .wccccccccscccccce 7 3.2 
Minus-325 slime eeeveeesneeeneee 0 2.9 
Calculated head ......csccscces 0 100.0 


Combining harder, coarser ore resulted in removing (as minus-6-mesh material) 
only 20 percent of the original weight before grinding. Mechanical limitation of the 
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return elevator precluded attrition-grinding treatment of ore at a rate exceeding 
0.5 ton per hour; consequently, attrition grinding was abandoned. Grinding with é 
full ball load was resumed, and the grinding capacity was measured at approximatel 
1.5 tons per hour. For one 24-hour run at this rate, 16 percent of the ball-mill 
discharge was coarser than 6-mesh and contained 11 percent of the tin; 44 percent 
of the discharged material, however, was finer than 200-mesh and contained 37 perc 
of the total tin. Concentration of l-percent tin ore ground in this manner yielde 
a recovery of about 60 percent of the total tin. 


Because the ball mill was incapable, with the harder ore, of supplying enough 
feed to operate the expanded concentration section efficiently and because a major 
ball-mill trunnion broke, it was decided that the crushing and grinding section of 
the mill should be enlarged. The old secondary jaw crusher was replaced by a 22= 
inch cone crusher capable of reducing ore from 1-1/4 inches to 1/4 inch. A 4=- by 
10-foot Marcy rod mill was installed as the primary grinder. The rod mill also wa: 
used for regrinding table middling for a time, but later the ball mill was recondi- 
tioned and used for this purpose. With the new grinding section, tonnage was main- 
tained at about 100 tons per day, and mill results gradually were improved. 


Final Flowsheet, 1954-55 


During the winter of 1953-54 the company installed several additional shaking 
tables, a flotation unit for removing sulfides, and a thickening tank to facilitate 
the treatment of fines and the reclamation of water. This equipment was housed in 
a new building adjacent to the existing mill. Figure 11 shows the schematic flow- 
sheet of the mill when this program was completed. 


Installing the thickening tank and adding tables increased the recovery of tin 
but did not alleviate the crowded conditions in other sections of the mill. 


The plant layout was not altered significantly after February 1954 and remaine< 
as indicated in figure 11, but the flow of material was changed. The most important 
change was occasioned by mechanical failure of the ball mill and the necessary re- 
routing of coarse table middling to the rod-mill circuit. Numerous minor changes 
also were effected on an experimental basis in an effort to improve plant efficiency 
thus distribution of feed, middling return ratio, and treatment of slime were variec 
from time to time. 


The small ball mill installed for grinding coarse concentrate before flotation 
treatment and the filter installed for dewatering the flotation cassiterite product 
never were used, 


Gravity Concentration 


Gravity-concentration data, compiled from monthly reports of the superintendent 
are summarized in table 4. 


Evaluating these data requires a knowledge of sampling and calculating methods 
used in the plant. No weightometer or other device was used to determine the weight 
of material entering the mill. No automatic sampling equipment was employed. Sanm- 
ples of ball-mill feed and plant tailing were taken at fairly regular intervals by 
diverting the flow of material for a short time. Concentrate was weighed and sample: 
daily or on a shift basis by a "grab sample" technique. 


Mill recovery was calculated from the tin analyses of the products. The weight: 


of feed and tailing were computed from the calculated recovery and weight of the 
concentrate. 
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LEGEND Coarse-ore LEGEND 
bin 

-14 Mesh. (3) 6" Dorrclone. 25 Fone 2x3 Simplex screen. 
T Tailing. 4'x5' Union ball mill @!) 4'x4' Denver conditioner. 
M Middling. (15) \2" Esperanza classifier. @2 No.15 Denver sub-A flotation cells. 
C Concentrate. 4'x10' Marcy rod mill fel @3) 2’ Hardinge ball mill 
(1) 24" rachet belt feeder. (7) 2'x2%" Wilfley sand pumps. (2) 4' Denver disk filter. 
(2) 10x20" Pacific jaw crusher. Deister-Overstrom tables. @5) it’ Victor sand pump. 


G) I6" conveyor belt. 40'x12' Dorr thickener. 45" hydraulic cone. 


(4) "bar grizzly. 
(5) 22" Hydrocone crusher. (3) 


(6) \2" bucket elevator. Water recovery 


(7) 3x6'single~deck Overstrom screen. Fine-ore bin 
3x6 double-deck Overstrom screen. 
(9) \6'x24" Denver duplex jigs. 
16" belt feeder. 


(11) Denver SL automatic sampler. 
(2) Fahrenwald sizer, 


135 tons 


Lr 


Concentrate 


Concentrate | 


settling a 
box 


| 


Water 


Tatling recovery 


Eontitnanes sae: 


i 


Period 

952: 
JUL livAvevelelelebeteicveiasaietetetotetelerereretevers 
AUZUSE .occecccccee 
S€ptLembe rmsrercselercicleleletolatelaiore 
OCEODELM ctetevelcloleie ore 
November-DecemberL slo) oie e-elelavere 
LO Ca laiterers elsvetelerclatolereve 


eeoee 


DSi 


January-May2/ ce oeeesesoese 


June eoo@@e@ee*@esesoee oceeeeweoseoeseenocdceee 4 


July eo@eew@oc#ee@eteoeoeeoeoesepeweepeoeeeoeoee 6 


August ..ccce ee eerescceesescon 

S@ptembe ras cicvcicietelel clelcleloiclsielelels 

Octobe rol ewe tee eaten: 

NOVEMDEC Tibsleleletsicloleiatoreislaretelerelelers 

DECEMDESLiesvore clorevelelelelelcteleselere clove 
To tallewevetareralereteloteiolercvete 


1954: 


WANUATY, Welc\c cleleieiel slclcleleleie elelere 
MEDEUATY mislelelelelelatalsicvoreleiclateleleievers 
Max cl raidieteseterereleteteteleteiereloxece 
AP ist Wateleteleleletelsieleleiclelorerels 
MAY ioieie) ojo 016 foleleie) sloleleselelolorsivielc\ cis. 
SUN CMe clelclelehalelorelsisielelcleve 
IU GAL OO G QOUODOODOOO CODCOD 
AUQTIST We cleseleieisislelelale creleleletc cleats 
S@pLembe Tr Wa. icielelc/slelelelejerere 
OGEODE La stcislelereleloleleisterctele 
NOVeEMDE Dr isle lclelelelereialeiorel sielere 
DECeMmDeT Narctercicielelerete ° 
Total 


1955: 


January eo@eo@#@oo@#e*e@ooe ese eeeoeaondde¢ 
February eooe@eeooo0oe ee 808888 
March *eooooeocee@e@*#eovoece@*@soe#e# 


JUINC!etenevelece ave ecccece eecece 
TOUS Cty ee.e8 Se cccccecoe 
AUSUS Es clc sieicie SHO COO O COO OOOOR 
September ‘cisve cistevsisevsie . 


Mill closed September "26 sees 
MOE als vitereletetehereneterers 


Grand total. vc cic ste.ecs Stelorotens 


Mill closed - lack of water. 


@eesoo@#o0o0goce#se 


@oo#@o0oeeee2088 


ooe o@8 ee @ 


eeoeeecnde@e 


Tons milled 
basis 


oe 


° 


Remodeling reported almost completed. 
Rod mill and cone crusher installed. 


Mill closed March 5-May 23; lack of fuel oil. 


TABLE 4. = Summar ravity milling operations 


Rate, Average assay, Tin content, Calculated 
Hours cona/24 Concentrate, percent Sn pounds tin recovery, 
operated | hours | tons (dr Concentrate | percent 


57.36 
65.48 
44.87 
50.20 


2.24 


51.74 
55.50 
57.23 
56.13 
52.84 
52.16 
54.54 


60.61 
64.32 
67.16 
63.90 
58.96 
58.41 
55.09 
62597 
67.02 
66.02 
65.09 
64.41 
62.25 


68.30 
65.82 
65.68 
65.01 
70.17 
66.80 
64.44 
60.50 
64.03 
60.80 
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When the flotation section was begun, a discrepancy existed between the weight 
of products from flotation and that of concnetrate presumably produced in the gravity 
section (flotation feed); this was labeled "unaccounted-for loss", Metallurgical 
balance was maintained by altering the flotation-tailing analysis. Investigation 
showed that the method of sampling the gravity concentrate did not reflect the true 
moisture content; therefore, the record gravity-concentrate weights (and consequently 
the calculated mill-feed weights) were high. This condition was corrected in April 
1955. 


If all discrepancy in weight, reported as "unaccounted-for loss" in the monthly 
reports of the superintendent, is assumed to be due to errors in weighing the gravity 
concentrate, the total fine tin in the gravity concentrate should be reduced by 
24,655 pounds from the figure reported in table 4. Using the corrected concentrate 
figure, the calculated tonnage of ore fed to the mill would be reduced to 50,230 
short tons. These calculations cannot be accepted as correct, however, because of 
the absence of flotation data for February 1955. 


Using the revised tonnage and the amount of tin received at the Texas City 
smelter, the indicated overall recovery of tin at the Lost River plant was about 
54.5 percent. This figure agrees with the recovery figure obtained, based on the 
total receipts of tin at the smelter and calculated by the same methods used by the 
United States Tin Corp. Thus, it is reasonable to assume that a corrected figure of 
50,230 tons treated is approximately correct. It should be noted, however, that an 
average correction cannot be applied directly to any one period, because the largest 
discrepancies probably occurred during the early stages of operation and were negli- 
gible during the last few months. 


Flotation 


A flotation section was added to the circuit during the spring of 1954 to re- 
move sulfides from the gravity concentrate. The object of this treatment was twofold: 
First, to avoid heavy smelter penalties on excess sulfur and base metals and, second, 
to raise the grade of concentrates to lessen the cost of freight and treatment per 
ton of tin contained. 


The flotation section was operated whenever warranted by the supply of gravity 
concentrate. In spite of untrained flotation operators and the usual problems of 
sporadic operation, the treatment was satisfactory. Generally, the flotation of 
sulfides increased the tin grade of the concentrate 5 to 7 percent with little loss 
of tin. Reagents used per ton of flotation feed included: Sulfuric acid, 2.5 
pounds; pine oil, 0.4 pound; and amyl xanthate, 1.0 pound. 


Results of flotation treatment are shown in table 5; these data were compiled 
from the monthly reports of the superintendent. For calculation, it was assumed 
that the moisture content (hence the calculated dry weight) of the semidry, final 
tin concentrate was more accurate than that of the gravity concentrate (flotation 
feed). Recoveries were calculated from analyses of flotation feed, concentrate, 
and tailing. Weights of the feed and sulfide concentrate were computed, using the 
calculated recovery and the corrected dry weight of the tin product. 


Data pertaining to shipments of final concentrate are summarized in table 6. 
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TABLE 5. - Summary of flotation results 
| tsti“‘éwReeKd Cd Ci ling (sulfide) | gui te) Concentrates (tin 
Weight, | Assay, ae Assay, Weight, | Assay, Tin Recovery, 
pone percent content, percent content, pounds | percent ae percent 
Year Sn a Sn d Sn Sn 
1954; 
July wcccccsccccccens 265, 736 ‘ ; 58.603 | 112,727 99.10 
AUQUSt wcccccccccccee | 154,095 : 59.602 71,500 | 99.43 
September ....scccces 49,633 60 .667 27,100 | 99.82 
October .wccvcesceces 71,275 61.017 38,356 | 99.78 
November ...c.ccccces 64,705 ° ; 59.943 35,619 | 99.91 
December ...cscscccce 69,268 61.633 39,422 99.94 
1955: 

JANuUaLY .geccccsccoee 66,659 ‘ 58,119 36,561 99.95 
Februar © Rae ete = = = ~~ 

March ,cccccccccccsse 28 , 905 : 55.608 14,253 | 99.85 
April2/ eoaesaceceenee oe = 

May e@aeaoeeotsoevoeaeaea0eaeaene @ e 56.997 99.80 
JUNE wccccccccccveses ‘ 56.067 99.91 
July oveeceseceecseocce 54.413 99.95 
AUGUBE wccccccccccsces 53.333 99.93 
September eoeeee0ee00 8 048 e 53.074 99.63 


1/ Data not available. 
2/ Mill shutdown. 


TABLE 6. - Concentrate received at Texas City, Tex. 


percent 

Moe yomd |totetore,| pend bat ar Bar rh ht ee 

No. wet oe Sn zn 
29810 eeosoeeee2eoeoend 
29B11L wcccccccce 
29812 eeseeoeev0ee06 
29813 .ccccccece 
29814 eseeoenve@eonene 
29815 eeeoeeeeeeone 
29816 .cccccccee 
29817 wcccccvecse 
"Shipment 1 ... 


39 341 
30233 wcccccccee 95,557. 8.06 06 78,661. 60.04 | ; of 2.25] .0 0 
30234 ccrccccces Ge ae 8.21 78 , 680 59.66 06 | 1.58 37 1.55 07 a7 16 
30235 wccccvcces 8.46 mee 399 60.24 .02 {1.07 1.49 08 17 


Shipment 2 ... 8.24 | 59.98 | .06 | 1.49] aa ae ort eet oF 16 
Shipment 32/,, See 


31439 wcccccccve 71,223 8.13 65, "65,433 | 52. 52.69 | 07 -83 l. Ewer 09] .27 
31440 wcccccceee 71,484 8.09 65,701 51.73 -08 1.70 09/ .29 
BI4AL wevecsecee 68 , 338 8.85 62,290 50 .89 oa 1.47 el3] .32 


Shipment 4 ... | 150 | 211,045] 8.35 | __193,424 | _51. a oe [ ise [19 [02 155] 02] 10 -29 


total ...e-[ | | —————*:*29 076,334 ae eee 
1/ Data for shipments 1, 2, and 4 summarized from eonlter mee ee sheets; complete data for shipment 3 not 
made available to this office. 
2/ Average assay after deduction of soluble tin. 


sevese 


1 
2 
2. 
2 
2. 
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Operating Efficiency 


The operating efficiency of the Lost River mill, based upon the ratio of time 
operated to time idle, was poor. Records are incomplete concerning the reasons for 
all lost time, Such records were detailed from January to December 1954, however, 
and are summarized in table 7. 


TABLE 7. - Operating efficiency, 1954 


Percent Percent 
of total of total 


Remarks lost time time 
Time operated ee@eeeseese@eeseeseeaeeeevWeaeecsead34adesevnndne1deee 6 86 78.2 
Time lost e@eeeeeeeseeseseeeeeoeeeaeeeseeneneeeoeoeeeeneen eee @ 21.8 


Cause: 
Mechanical failures and repairs ..cccccoeee 
Operational difficulties .crccccccccccccece 
Lack OF power .cccccccvcccvcvscscsnccccvcere 
Lack of water (February to May) ceccccsecoce 
Lack of oil (September) ...cccccccrccvcvcece 
Sundays and holidays CCH CHO CT OCC EO H EC OOOO EE®E 
Experimental tests on individual units .... 


Analytical Laboratory 


Analytical requirements for operating the mine and mill include the determina- 
tion of tin, and to a smaller extent, tungsten, lead, zinc, arsenic, and sulfur. 
For accurate determination of tin and tungsten in Lost River ores and mill production, 
it is necessary to use fusion methods to dissolve the samples and to pay meticulous 
attention to certain conditions and procedures. As a result, only a limited number 
of determinations can be made by an analyst in a day. 


' The analytical laboratory at Lost River was small. The facilities were adequate, 
for one chemist to perform the analyses necessary for routine mill operations but they 
were inadequate for a chemist to perform all the additional analyses necessary during 
experimentation with various mill circuits or during periods of mine exploration and 
development. 


Concentration Problems 
Prevention of Overgrinding 


The Lost River ore essentially contains kaolinite, altered feldspar, quartz, 
white topaz, cassiterite, a magnesia-bearing calcite, fluorite, sericite, and 
zinnwaldite; some muscovite, limonite, pyroxene, amphibole, and chlorite; varying 
amounts of galena and sphalerite; small amounts of arsenopyrite, wolframite, scheel- 
ite, cerussite, and apatite, trace amounts of altered pyrite, chalcopyrite, smithson- 
ite, malachite, bismuthinite, and stibiconite. 


Petrographic study indicates that most cassiterite is liberated in the minus-48-, 
plus-100-mesh size range, although some cassiterite is liberated as coarse as 10-mesh, 
and a small amount remains locked in the minus~-200-mesh fraction. 


Laboratory testing and mill operations show that grinding the ore with light 
ball load and low pulp density liberates the cassiterite in the coarser sand fractions 
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and increases recovery. Mechanical limitations of the mill grinding circuit, however, 
did not allow this practice; consequently, a large quantity of the tin mineral was 
ground finer than 200-mesh. Much of the fine cassiterite thus formed was held mechan- 
ically by the kaolinite slime and thus rejected into the mill tailing. 


The data in tables 8, 9, and 10 show that most of the tin in the tailing was presen: 
in the minus-200-, plus-400-mesh sand. 


TABLE 8. - Size analysis, sand tailing 
(September 16-23, 1955) 


Product, Weight, Sn distribution, 
mesh percent Sn percent 


PLUS: 20! os e's60.00:6 05s 6s 060504050064 1.0 
20> £0: 28 4 06 :bw08b 66005054 See tees es 3.5 
28 CO 35 .cccccrcccccccccccscccccces 11.7 
3D £04844. 666s ose ei esaw ecw sees 23.8 
SO 500''G) 4566600566 sie wee e eee cee 13.6 
65: to 100 sds e kee weeee sew ee ese es 8.9 
TOO! £0-:200 - s.sdss:b oo aics oe sew ewweiee eee 14.6 
200 to FOOL! sw isainsnwineinsinainweineisie'e 21.0 
Minus 4001 eecceccececccoeoesesorceece 1.9 
Calculated sand tailing cocccsccece 100.0 
Assa -sand tailing ©0000 00 480000800 O8 = 


1l/ Separated by decantation. 


TABLE 9. - Size analysis, slime tailing 
(September 16-23, 1955) 


Product, Weight, Sn distribution, 
mesh percent Sn percent 


Plus 65 eeeaeeseeeceoeeveeneeeeeaeeonaevueeaee0eea8nea8de 3.9 
O5°t0. 100 sie eed o0ow saw he ee esaes 2.5 
KOO" C0: 200 ccs soo 66 bee ee we ews oes 10.0 
200: £6: 325): xsndeasieescdawetes esas 36.8 
325 to A00l/ oc sccveneadawiesscteese 8.6 
400 to SOOL/ ....cccccccccccccccces 10.0 
B00 to 1,600L/ ..... cc cccecccccccce 19.9 
Minus 1,600L COSC ORO ECO OO OOS OH EOFS 8.3 
Calculated slime tailing ..cccccoce 100.0 
Assay slime tailing ..ccccccrcscece - = 

Combined 200 to 400 .ccacccccccccce 17.68 93 45.4 


1/ Minus-200-mesh sand divided into 5 sized products by elutriation; average 
particle size (theoretical mesh) of each product determined with Andreasen 
pipette. 


Variations in Ore 
In addition to variations in hardness of the ore (mentioned previously) consid- 
erable variation in grade of ore was noted from day to day. This, of course, neces- 
sitated constant adjustment of table operations (transverse tilt, wash water, position 
of product splitters), unnecessary with constant feed grade. 


Figure 12 shows variations in the grades of ore treated in the mill during 1954. 
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TABLE 10. - Size analysis, total plant tailing 
(September 16-23, 1955) 


Product, Weight, Sn distribution, 
mesh percent Sn percent 


Plus 20 eeooec oe eseveoeoeeoueaeevae0eaead ee @eeee2 8 
20 to 28 eoeveceeoeecoeeneeeeeenes 
28 to 35 @eesveeeea ea ogceseoaoee@a~sdeanu8cee0e8@080 
35 to 48 @eeseeeeoeeeeasdoee0edeee0.6e280008 
48 to 65 e@eeaeoeoseoea Ceeonvegovuensvenv02cdee0e00e9 
65 to 100 wrreerrerrrererne eee 
100 to 200 eeonecoeseeneceeseneeend 
200! 0° 3252 -icesecmses eee weenie. 
325. tO-400L/- candace desieuse-cie% 
400 to B00L/ ....ccccccccccccces 
B00 to 1,600L/ .....cceccecececs 
Minus 1, 600L/ .ocesecccecccccecs 


Calculated Calling .<ssieeweswwe 100 .00 
Assay tailing eeoeeceeeeeeneeeseeen | 
Combined 200/400 eoeeseeeegeees81#?eeoes8se @ 11.09 


er ~ 
e 6 e e@ e e e 


— 


CO kK NOUN WOO UF © 
OF WOKE UwWOUF ON F Uw 


—_ 
© 


1.16 32.4 


lf Minus-200-mesh sand divided into 5 sized products by elutriation; average par- 


ticle size (theoretical mesh) of each product determined with Andreasen pipette. 


17,220 tons 
milled 


average! for Period 


== 
——— 
EE 


Tin, percent 


Jon. Feb Moar. Apr May June July Aug. Sept. Oct. Nov. Dec. 


1954 


FIGURE 12. - Variation in Grade of Ore Supplied to Mill. 


Water Requirements 


The preponderance of fine clay 
in Lost River ore requires using 
extremely low pulp density during 
classification to prevent mechani- 
cal inclusion of fine cassiterite 
in clay flocs and to allow reject- 
ing a slime of low tin content. 

In addition, water requirements of 
the table-concentration section 
are high because of fineness of 
table feed. 


Thus, the total water consumed 
in the mill was higher than normal. 
Approximately 300 gallons of water 
per minute was supplied to the 
mill. This amount equals 27 tons 
of water per ton of ore, based 
upon treatment of 100 tons of ore 
per day. 


During certain periods in 1954 
and 1955, the fresh water was sup- 
plemented by an unknown quantity 
of “reclaimed" water. Water re- 


quirements, therefore, probably are 30 to 40 tons of water per ton of ore treated. 


Reclamation of water from the clay-slime fraction was not very satisfactory be- 
cause of the time required for the extremely fine clay particles to settle. Table 9 
shows that over 50 percent of the total slime tailing is finer than 800-mesh (18.5 
microns). Settling possibly could be accelerated by adding flocculating agents. 
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Such treatment, however, would necessitate supplemental treatment of the reclaimed 
water with dispersing agents to prevent formation of flocs in the grinding and 
classification circuits. 


Plant Deficiencies 


The Lost River mill was not planned and constructed as a unit; instead it was 
built piecemeal to remedy initial deficiencies and to meet the needs of increased 
production. The result was a plant not only inconvenient to operate but extremely 
difficult to service. 


Most obvious among the operating inconveniences were the following: 


l. 


26 


3. 


The coarse-ore bin was entirely too small, and its placement did not 
provide adequate space for handling and dumping ore trains. 


Transporting ore from the coarse-ore bin to the primary crusher was 
difficult. Originally only a chute led from the bin to the crusher; 
later the chute was replaced by a stationary grizzly. Although the 
latter was an improvement, with either device the full time of one 
man was required to drag the ore into the crusher hopper. 


The kaolinitic material in the ore tended to pack and to plug the 
secondary cone crusher; this made constant adjustment to the machine 
necessary, which in turn resulted in lack of uniform size of the 
ball-mill feed. 


Equipment was crowded; passageways between most machines barely 
allowed access to some for operational adjustment. 


Crowded equipment and low ceilings obscured the view. All equipment 
in a section or unit could not be watched from a single position; 
therefore, additional operators were required. 


Lack of headroom limited the slope of some of the launders and 
resulted in work stoppage and overflow problems. 


The mill had no concrete floor and sump, so that spilled material could 
not be cleaned up easily or returned to the circuits. 


There was no mechanical method for handling concentrate..:-The jig con- 
centrate was carried to the settling box in powder boxes, the combined 
gravity concentrate was hand-fed to the flotation circuit, and the 

final concentrate was stacked and charged into shipping barrels by hand. 


Repairs and servicing mainly were hampered for three reasons: 


l. 


26 


Crowded conditions allowed no space for making repairs or for laying 
tools and spare parts. 


Lack of an overhead crane made movement of heavy equipment slow, 
laborious, and costly. 


Because the equipment added from time to time was largely whatever was 
available for the lowest price, the mill contained a variety of types 
and models of machinery. Consequently, an unusually large supply of 
spare parts was stocked, and the mechanics had to familiarize them- 
selves with a number of different machines. 
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COSTS AND RELATED OPERATIONAL DATA 


Basis for Cost Analysis 


The costs presented in this section were obtained by analyzing company records, 
consulting the mine management, and directly studying the operations. Because com- 
pany records were maintained primarily for financial purposes rather than as a guide 
to operations, it was necessary to reassemble operational-cost data from basic docu- 
ments, such as freight bills, invoices, time reports, and warehouse receipts. By 
this method and a first-hand study of operating procedures, it was possible to reach 
a fair approximation of actual costs for exploration, development, stoping, and mill- 
ing, although many inconsistent items could not be reconciled. It was impossible to 
analyze all parts of these operations, because the records were not detailed. For 
the same reason, it was impossible to segregate construction costs by specific jobs 
or functions or to segregate power costs in terms of kilowatt-hour consumption. 


The operating costs for mining and milling operations have been based upon those 
for the 6 months between July 1, 1954, and January 1, 1955, because this was the long- 
est period of uninterrupted operation and provides the best measure of potential ac- 
complishment with the existing plant and the operating methods. Descriptions and cost 
analyses of the several components of the operation follow. 


Transportation of Supplies 


The annual gross tonnage of supplies to the mine during the period of relatively 
stabilized operations was slightly less than 1,000 tons per year. The principal 
freight item was 705 tons of fuel oil, which was barged from Nome and pumped to 2 
tanks (combined 50,000-gallon capacity) on the beach. From the beach the fuel was 
hauled to the mine in a 1,500-gallon tank truck or in a 3,000-gallon tank mounted on 
a tractor-drawn sled; at the mine it was stored in three 25,000-gallon tanks. Lubri- 
cants and gasoline in drums and other supplies in bulk packages were transported by 
truck or tractor-drawn sled. Perishable goods and emergency supply items were trans- 
ported by jeep, truck, or sled from airfields. 


Ocean-freight rates, including stevedoring, terminal and tax charges from 
Seattle to Lost River, and lighterage charges at Lost River were as follows: 


Average costs Percent of 
Commodit | Ocean | Lighterage| Total | purchase cost 
Mine and mill machinery ...-eceoee- per ton ‘ - 
EXPLOSIVES: 2405 0630550.005560e00suwes AOews 29.5 
Timber wccccccccocscsscccese per M ft. b.m. 71.5 
Cement eoensvseecvsevo0eneveene00eee ee e088 per ton a 
Oil (bulk, crude, diesel)1/ ... per gallon - 
GrocerLeS .cccccccccccccscsecceccse per ton 20.0 
MGGL- i06su: 0501s crete wid wae Gres elewe sees COs es 14.7 


Household goods2/ ...ccccccccccccces GOsec 

Building materials2/ eoseneveeceeseoaneesn doce 

1/ Purchased on basis of delivered cost to tanks on beach at Lost River, but for 
this table the cost is itemized to show lighterage charges. 

2/ Average for items that involve many different rates; stevedoring and terminal 
charges (Seattle) and ocean-freight tax excluded. 


Air-transportation rates from Nome and Seattle to either airfield at Lost River 
were as follows: 
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Freight per pound 


Less than More than Passenger fare, 
100 lb. 100 lb. one way 
Nome, ALAGKA: 66654 s6de wen ee es wees $0.10 $0.10 $35 
Seattle, Wash. c.cccccccccccsccce 229 236 165 


The additional cost of transporting freight from the beach or airfield to the 
mine, including the cost of servicing and maintaining the airfields, is based propor- 
tionately upon use during 1954, as follows: 


Total Distributed 
| supply cost, Ratio, cost of 
Operation including freight percent local transport 

Mine eeeeseoevee@oevoeveeseeecenee020e2000080808080 $23,018.79 32,517.10 
Mill e@e@eeeeoeoeeeneoeoveeco0e200800e00000808 080 @ 17,381.28 1,900 .43 
Power and Compressors ..cccccceccee 61,605.03 6,736.12 
Camp eeenaeee ove ono enaeeoeaeseeoensee0e2eee 0008 8,624.78 943.71 
Boardinghouse coeeeereeceseeoeceees 30,191.90 3,301.35 
Shop @@eeaesvoevueaeaendessnse8eeneeen 080008086080 2,345.07 257.08 
Mobile equipment eeooceeecoreseseres 4,283.43 468 .60 
Technical e@eeaeeev ese eeeoeegevueeaedee 0020808080 1,310.64 143.10 
Clerical CHOHCC COC HROOCHC TEESE HOHE EEO EEE 17.28 3025 


TOCAL. si sestewew ss eseseeeewes 148 , 788.20 100.00 1/16,270.74 


1/ 10.94 percent of cost of supplies. 


Mill-Water Suppl 


After attempts to obtain an adequate supply of mill water from underground 
sources had failed, the ground water in the valley of Lost River was developed, and 
a pumping system was constructed during the summer and fall of 1953. The piping 
system, with its heating elements, was designed by L. N. Roberson Co., Seattle, Wash. 
The specifications for a pumping system having a capacity of 300. gallons of water per 
minute at 32° F. follow: 


1. 9,000 feet of 9-inch transite pipe enclosed and centered in a 20- by 
22-inch wooden duct constructed (aboveground) of 2-inch lumber, the 
inside of the duct to be filled with black mineral wool and the pipe 
to be heated by six "R14 Heatsum" cables spaced equally around the 
outside of the pipe. This protection was designed to maintain waterflow 
at minimum temperatures of minus -40° F, 


2. Power for the heating cables and pumps to be supplied at 440 volts from 
the mill powerplant. Power to heat the north half (4,500 feet) of the 
pipeline to be obtained directly from the generators; power to heat the 
south half of the pipeline and to drive the pumps to be transmitted at 
4,160 volts and reconverted to 440 volts at the pumphouse. Each of the 
six cables on the pipes was to be controlled by a separate thermostat 
set to cut in at a half degree below the temperature for the preceding 
thermostat. The current to each half of the pipeline was distributed 
through two circuits. 


Complete details of the costs of construction and operation of the system could 


not be found in company records, but approximate principal construction costs are 
listed below: 
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9,000 <f£6 5: at:-$1.48) sccssuwsecseew cess seccsesweesewse'e. 9135320 
BOL one. o:sis bss tic wbews sere wees cess ctesweeeeeeee: ...24100 $15,420 
Insulation: 
376 bags (2) ceocccvcccccesccavsecesccsccssccceesevsocs 7,983 
Freight .cccccccccccccesec cece ssecececeseseecesecesce 5,665 13,648 
Heating cables, 54,000 ft. at S48/M .ccccccccesccecce 2,592 
Wire, 2,700 ft. No. 6 WP, 3,300 pound at $55.70 cwt.. 1,838 
Transformers, switches, circuit breakers, etc. .oeece 6,100 
Miscellaneous electrical fittings .ecccoccersc.eccceces 6,116 
Lumber for boxes and trestles: 

208 M Dd .wm£t. covccccvcccvecsccveccessccsrecscsceecos 15,409 

RECLONG 6-0 h: 56000 S win wele 6 a6. 4. die OOS Ce CU Se eRe ewes 7,000 22,409 
Pumps, 2 Geinch wcecccccvccccacccceecccccesscceecccese 2,244 
Grading for pipeline .ccccccvccccvesccecccssecesscece 2,700 
Labor £0 CONSETUCtKLON: 144 sec2 ecb sees eee e Use eee eue 28,714 
Freight not listed above, engineering services, and 

other unlisted itemS .ccccccccccvccencveccssccececes 22,27] 

TOL AL (aio eae oie e-4.0 0 te watereie eb eS Saas eee eee eee 124 ,058 


Power-consumption data were not recorded; consequently, power costs can be 
stated generally only. 


Pumping required a 30-hp. motor to drive one 6-inch centrifugal pump, which 
delivered approximately 400,000 gallons in 24 hours against a static head of 200 
feet. The pump operated intermittently, determined by the water level in the pump 
sump. A standby pump and motor were provided. 


The pumphouse required 2 heating elements, which drew 6 to 10 amperes each dur- 
ing freezing weather. 


The maximum connected load on the heating cables was 44 kw. for each half of the 
pipeline; however, maximum power seldom was used. During relatively mild winter 
weather, the heating circuits were cut out. 


The probable maximum power requirement for the entire system was about 118 kw. 
(148 hp.); the average load probably did not exceed 45 kw., which at 440 volts would 
require approximately 100 amperes. The company electrician states that rough meas- 
urements made by him indicated a normal consumption of about 40 amperes. 


After its installation late in 1953 and until operations were discontinued in 
late 1955, the water-supply system functioned satisfactorily. No difficulty with 
freezing was experienced, very little maintenance was required, and power consumption 
was mich less than had been expected. Part of the pipeline is shown in figure 13. 


Buildings and Equipment 


Camp and mill construction was begun in July 1951 and continued intermittently 
until May 1954. Because the work necessarily was done irregularly without unified 
advance planning, the unit construction costs were integrated with other costs for 
the same period; furthermore, no attempt was made to segregate them until after 
April 1953, when over half of all construction work had been completed. Therefore, 
no attempt was made to analyze building and equipment costs for this report; the 


total costs, as nearly as could be determined from available records, were as 
follows: 
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"Book" value of buildings on site at beginning of 
operations reer eT eee ee TT TER TCR TEC OTE ee $30,000 
Mill building (including cost of installing mill and 
powerplant equipment) ecoeceeeeceeeeseceeeeesesorercesce 159,000 


Mine surface plant and CaMp coceccccccecccceccescesee 156,000 $345 ,000 
Water-supply plant (as detailed in preceding section) 124,000 
Olil-storage tankS .ccccceccccccrccccccceccccccccccccce 33 ,000 
Trucks and tLactOrs ccsccccccccsecccccecocscesvcsoscce 69,000 
Power- and compressor-plant equipment ...ccccrcccccccee 63 ,000 
Mining equipment ..cccccccccccccccccccccccccccsccccces 98 ,000 
Milling equipment CoC CCC CSO EOE ES EHOS OS ELE SEED OEECE 111,200 
Accessory equipment; 

Shop equipment .cccccccccccccccscccscccvccsesesccces 4,000 

SMOL) LOGLS 16.6.865 6-66 0066500460 55:565 00540 4N 06d COS oS 4,000 


Sawmill equipment eoeeeoceeseeercerceoeseeseesossoeece 2,000 
Laboratory equipment .cccccccccccccccccccecccccoces 2,600 
Kitchen equipment .cccocccccccccccccccescccccccccces 8 ,000 
Camp equipment, furniture, fixtures ...cceccccccces 12 ,000 


Miscellaneous (otherwise unlisted) ...cccccccececes 8 , 700 41,300 
Total eeoee@e@ce@a@ceeaeceseeeeeeco@~eseeceoecvoeessvse@eacoceeeceeeeeeoscneeeeese1eoeeee 884 , 500 


FIGURE 13. - Pipeline From Pumphouse on Lost River to Mill. 
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The approximate locations of the buildings are shown in figure 14; the purpose 
and size of the various units are listed below: 


Map 


reference No. 


1 @eeaeeeovee0e0 
LA ee©0@a2ee000800 
1B eeseeevee00ee8 
1C eee 80008 
1D @eeeoeeeoeece 
2 @eeovue~oeeocede 
2A e®eeeoeea@enoe2 0 


2C @eoeoeoeoeeeeodese 


2E ©e90eeo0eee e800 


2F 6000008086 
2G #@eeoeoedea 0208006 
3 @eeoe@o2 0008860 


3A 


3B *@eeeo0n00800080 


eee ee0e088 08 


3C e@eeonna0v0e2ede0de 
3D eeceeeoea2 oe 8 
3E @eeeoonvaeneed0c0 
SF wcccceccee 
4 eeeeoeeeneoe ee 


5 
6 
7 ceccccceces 
8 
9 wccccccccce 


10 wovcccccces 
ll ecovceceseeee 
12 eeoevecesesede 
13 wccccccvese 


14 @®eoeeeoeoneoes 


15 e©e2@02020068008080 


16 e®eeoeeeoenev2o 
17 eeeeceoaoeaoeas ee 
18 wcccccccces 
19 eseeee0026208608 
20 eeeeeeo8e802086 
21 eeoeeeveeee ee 
22 @eseeeeneenee8 
23 eeeeeeoe80806 
24 e©ee0e2e00006080 
25 eeeeeoeoeee ee 
26 eesoeeeveoeede 
27 eeoeeveeveeoe ee 
28 coceoceccee 


29 eeeeeveaenees 


Number 


el atl oll onl oe oo oo on Oo 


a coe el a on ee ee 


me ee be 


~J 


el re oe oe oO ee 


v 


Description 
Mill building (125 by 151 feet): 
Recovery plant. 
Powerplant (5 diesel generators). 
Assay laboratory. 
Change room (incomplete). 
Shop building (46 by 155 feet): 
Carpenter shop (23 by 46 feet). 
Vehicle and heavy equipment repair shop (20 by 60 feet). 
Warehouse and supply room (23 by 60 feet). 
Machine shop, lamp-charging station, compressor room, 
and oil room (46 by 33 feet). 
Electrical shop (10 by 14 feet). 
Foreman's office (14 by 16 feet). 
Blacksmith shop (12 by 20 feet). 
Boardinghouse, 2-story (23 by 60 feet). 
Camp water-storage tank room (8 by 15 feet). 
Change room (23 by 20 feet). 
Mess hall (23 by 20 feet). 
Kitchen 23 by 25 feet). 
Sleeping rooms (2-man), above 3B, 3C, and 3D. 
Cold-storage room (6 by 8 feet). 
Grocery warehouse, lean-to (16 by 40 feet). 
Grocery warehouse, lean-to (18 by 60 feet). 
Grocery warehouse, Quonset (16 by 40 feet). 
House, insulated prefab (16 by 25 feet). 
Cabin, 2 sleeping rooms. . 
Snowsheds. Above units either adjoin or are connected 
by snowsheds to form 1 continuous structure. 
Cabin, mill superintendent (10 by 15 feet). 
House, mine superintendent (20 by 20 feet). 
Mine office (20 by 30 feet). 
House, insulated prefab (16 by 25 feet). 
Building, Army barracks, contains recreation hall 
(20 by 60 feet) and dwelling (20 by 20 feet). 
Diesel-oil storage tanks; (five 25,000-gallon tanks at 
mine) (one 25,000- and one 35,000-gallon tanks near 
mouth of Lost River). 
Cabin, post office (13 by 23 feet). 
House, insulated prefab (16 by 25 feet). 
Cabin, dwelling (10 by 14 feet). 
Quonset hut, 2-family dwelling (16 by 40 feet). 
Building, Army barracks, 3-family dwelling (20 by 60 feet). 
Quonset hut, 2-family dwelling (16 by 35 feet). 
Building, Army barracks, 2-family dwelling (20 by 50 feet). 
Buildings, Army barracks (20 by 50 feet). 
Sawmill. 
House, minister's residence (25 by 25 feet). 
Church (20 by 50 feet). 
Store (20 by 60 feet). 
Schoolhouse (20 by 50 feet). 
House, insulated prefab, teacher's residence (16 by 25 feet). 
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FIGURE 14. - Plan of Surface Plant, Lost River Mine. 
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Map 


reference No. Number 


30 eeeeeoeaeneande 
31 wcccccccce 
32 seccccccce 
33 @eeeeeeo0 008 
34 eeeseeoe02e0e8@ 
35 eeeveveeeesne@ 


36 #@eee00060808 
37 e@esea2ee e000 
38 @2eeeoeov00608600 
39 @eeoe@e eee 8 
40 wcccvcccee 
AL .ccccccces 
42 seccccccee 


43 @e2et@080080628006 


eS a a 


All construction except Quonset huts was of wood. 
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Description 
Cabin, dwelling (10 by 12 feet). 
Building, Army barracks, dwelling (20 by 60 feet). 
Cabin (18 by 24 feet). 
Log cabin, 2-family dwelling (18 by 57 feet). 
Warehouse building, Army barracks (20 by 50 feet). 
House, insulated prefab (16 by 25 feet). 
Warehouse, Army barracks (20 by 50 feet). 
House, insulated prefab (16 by 25 feet). 
Cabin, dwelling (20 by 30 feet). 
Bunkhouse, 20 2-man rooms and washroom (20 by 120 feet). 
Powderhouse, 2,500 feet S. 25° W. of camp area. 
Building, dwelling near mouth of Lost River (20 by 50 feet). 
Warehouses, near mouth of Lost River (20 by 50 feet). 
Pipeline, to pumphouse 9,000 feet. 


The mill building is worthy of 


special note; it was built of shiplap on 2- by 2-inch framing, supported by 6- by 6- 
inch posts, resting on concrete piers; the roof beams are laminated, 2=- by 10-inch 


lumber. 


housed, without partitions, 


The outside was covered with heavy building paper, secured with wooden 
strips; the inside was lined with l-inch Celotex board. 


The diesel powerplant was 
on the north side of the mill; the heat produced by the 


engines warmed the mill comfortably in all weather and, with the compressors, also 


heated the shop. 
figures 15 and 16. 


Other buildings were heated by oilstoves. 


The camp is shown in 


Power 


The connected powerload for mine, mill, and camp was approximately as tabulated 


below: 


Operation 
Mine: 


Remarks 


Horsepower 


Battery chargers .cecsecsecsccscccecssceseces 
Blower eooeeseeceesonresceeseeseoceeeeer neon eeens 
Hoist 
Pump eeeesvseoeoen eevee eoevoeeaseoeeeneeeaeneveoeveaeeaeeae eee eee 8 
Compressors (2 at 60, 2 at 75) wccccccccece 

Total 


Mill: 

Crushing and screening ..cccccccccscccseces 

Fine crushing: Ball mill, 40 hp.; rod 
mill, 75 hp. @eeeeoeveaeeoeoevs@eaeasneoeeneceneneoeeen ees 
Jigs: 1 coarse, 1.5 hp.; 1 fine, 2 hp. ... 
Tables: 9 sand, 20 hp.; 8 slime, 24 hp.... 
Thickeners, Dorr with pumpS ..ccrcccccccces 
Drag (Esperanza) classifier ..ccccccccccces 
Flotation CHOSE OOO CHOHOHRHO OOH EEOC HOH SOO OOO LEOC® 
Miscellaneous pumpS ..cccccccccccccccccccece 
Total 


Shops CP SSOSCCSCAOHSCHHATOSCHCHOCHH OCH RCL OC OHO EES 


Laboratory eeeeeoease eos oceeeeeneeeoeneneeevevee an eeoes 
Water supply e@eeeoeoanesneceneonoeaeneene0e8e 800080208 @ 


Camp Sis winla ania @ wets Sie seo We eieeeeeeeeeawee 
Village (Eskimo) COHOCHCHC CECH EC CE SOO OCES ELE EEE 
Total 


©@0@00820@2000000000000080800600800680888080 
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8 hours. 


Time variable. 


24 hours, 


24 hours. 


8 hours, 


Estimated averages: 
60 hp., summer 30 hp, 


Winter 


15 hp. estimated average. 
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FIGURE 16, - Lost River Comp, Waste dump, snowshed, mill building, shops, and 
boardinghouse in left-center foreground; pipeline (mill-water supply) 
and bunkhouse in right foreground. Snowshed covers mine track from 


No. 3 adit. 
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Power was generated by the nine diesel units listed below: 


Items Horsepower 
Compressors (near mine portal): 
2 LeRoL, 315 cubic feet wccccccncccvccescccccseccccecevcsens 120 
LI. Re, 365 cuble feet .cccccccccccvccccseccvcvecveccescecs 75 
1 Worthington, 365 cubic feet .cccccccccccccccccccccccccsece 75 
Subtotal, 1,360 cubic feet ..ccccccccccccccccccccsescceses 270 
Generators (in mill building): 
1 Caterpillar, D364 .crcccccccccccccsccvecesccesecesesesece 247 
1 Caterpillar, D<375 wcccccccvcccccccccvcccsccsesccceesecese 300 
3 Superior, converted, model GDB-8, 100 kw. each ..c.ccceees 400 
Subtotal wccccccccccccccvccccescssecseveesecseecsesesceese 947 
TOCA: - 5.60 bie eiase wiles 6 ao 4.6.5.5 6 Wie SW 5s 00-0 06 5G 5s 66sec ae sew 1,217 


Although the total generating capacity was slightly more than the total connected 
load and considerably more than the operating load, some part of the mine or mill 
plant usually was short of power because of mechanical difficulties with the diesel 
equipment. 


The hours operated and the fuel consumption by units from July through December 
1954 are listed below: 


Unit operated gallons gal./hr. cost 


COMPFESSOTS .ccccvcccccscccce $1,463 .46 
D-364 Caterpillar eoeeeceeceees 7,017.77 
D-375 Caterpillar ...ccccccec 9,757.48 
Superior NOs 1. séceueeeeesees 3,895.40 
Superlor No. 2 ceecccocccccces 500.21 
Superior No. 3 cccccccccccecs 3,580.85 


Total ...cceccccscescees | 96 204 | 26 215.17 


Caterpillar-fuel consumption per rated horsepower per hour = 0.038 gallon. 


Superior fuel cost per rated horsepower per hour = .051 gallon. 
Caterpillar fuel cost per rated horsepower per hour = $0.0105. 
Superior fuel cost per rated horsepower per hour = 0122. 


The direct cost of power from July through December 1954 was as tabulated below: 


Labor Supplies eRe Total 


July CCHS ROC EO OE OOH OOCEOO® $6, 660 .38 
August Coeereeececcsoeeoeeone ie 271.59 
September cooeerseecsesececce 7,368.78 
October COCCC CCE COLOR OEE EES 8,012.51 
November .cccccccccccccccce 6,231.59 
DECOMBOY ~55660.6.00664-64 5000 ws 6,620.30 


DOCAl -iiseseseewessees 6 680. “35 3 266. “02 1 O51. 71 2 266. 57 | 42,165.15 
42,165.15 (cost 


17,220 (tons milled) ~ 2.45 per ton milled. 
1l/ Used operator 1 shift only. 


Fuel Consumption 


Fuel consumption by prime consumer, July through December 1954, was as follows: 
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Total, 

Consumer | Diesel | Gas | Diesel | Gas | cost percent 
Powerplant eonevsecscoece $26,215.17 $26,215.17 84 
Mobile equipment ...c.. 585.17 | $538.95 1,124.12 4 
Buildings and offices . 2,494.12 2,494.12 9 
KLEGHEDN . «6660-64666 s-0'e00 1,060.21 1 060, 21 3 


Total .cecoccccoes Tt 218 | 1448 30,354.67 | 538.95 | 30,893.62 100 


112,666 gal. = 
17,222 tons 6.5 gallons of fuel oil per ton milled. 


SEE = 1.79, cost of fuel oil per ton mi tleds 


Boardinghouse 


The boardinghouse served meals to employees at $3 a day; one man and his wife 
cooked, served, and washed dishes. Operating income and costs from July through 
December 1954 were as follows: 


Board-days| Income Total | board-da 
3 e 3 e e 


952.83 |$2,858.48 |$1,003.50 


Loss 
$177.98 


July ®@eeo00e8se 


August .cecce 610.53 
September .. 1,177.39 
October ..e. 3,005.22 86.89 
November ... 2,228.21 287.79 


December ... 241.70 


5,431. 37 16,256. 2h 6,402.00 12 436. 52 18,838.52] 3.490 
2,582.28 (cost to compan = $0.15, cost per ton milled. 


17,222 tons 


Labor 
Records of labor distribution were not detailed enough to permit cost analyses 


of subactivities in terms of man-hours or man-shifts; however, the records do permit 
analyses of labor costs by major activities from July through December 1954, as 


tabulated below: 
r Average Cost 
Man- {| Tons per man-shift wage per ton 
shifts Milled2/ | per shift| milled 


Mine: 
LADOL: 65556460 660s 60 eee 2,119 $3.016 
FOLeEMAN cecoccccccccccccces 323 387 
Engineer wcccccccccscccecce 183 241 


Average or total ,eccce Epes 2,625] 7.02 _| 23. “90 3.644 


Mill: 
Labor eoeceeseceseseceeneee Ly 702 1.489 
Superintendent eeoescecoeceoe 
Operators eeaeeveececnegvecesn 015A 
Assayers coevccevcecsoecoe 183 209 


- Average or total ..,... i ae 17. “15 2,452 
Average or total, 


mine and mill ceeessseeees Mi Nee AER i acl 5.096 


See footnotes at end of table. 
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of Man- | Tons per man-shift wage per ton 
men shifts Milledé/ | per shift| milled 


Service: 
Powerplant eoesevecvesesece 1 306 $0 .388 
SHOP cccscsccesccecsececsess| 4 602 ~679 
Camp @eeeeaesveaen02ee0ee02868080808800806 4 660 550 


Average or total ..cccoe 


9 1,568 10.98 17.76 1.617 
Office egeooaeac oa ee one0e20e0edgceosv eo e80 2 366 47.05 16.96 - 360 
General superintendent ...... 1 183 94.10 34.43 366 


Average or total ..cccoce 7,203 2.39 20.18 8.439 
ortega |e 
Loss on boardinghouse ..cococe 150 

ae See ae eens Ses: 


Total ..ccccccccccscceces 10.061 
1/ Tons broken - 18,439 (estimated). 
2/ Tons milled - 17,220 
(From July through December 1954 the company hired 16 and terminated 15 workers.) 


Mining 


A complete and satisfactory breakdown of mining costs by labor-supply units and 
operations could not be made, because the records were incomplete; however, a general 
breakdown, in dollars, of stope development or ore breaking in stopes and of explora- 
tion drifting and crosscutting is presented in tables 11 and 12. 


To supplement the general cost data in the tables, Bureau of Mines engineers 
made first-hand studies of several basic underground operations; from these studies 
it was possible to obtain useful representative costs. The data obtained are tabu- 
lated below: 


Drifting 


195 level: Nearly unaltered limestone in footwall of dike, 
February 1955; advance, 95 feet 


Units Cost 

per Total per 

Item Units foot Unit price cost foot 
$ 


2.51 


Steel: 
Drill steel (7/8 inch) ...... 
Carset bits (1-5/8 inch) eoee 


$1.82 foot 
17.11 each 


Timber ©02020020800080080880080800808 8880 e131 bd.-ft. 1.00 
Explosives: 2.11 
45 percent gelatin dynamite . e224 pound 
No. 6 CAPS ceooccccsveccccsccce .023 each 
PUBC inven 66660's 66 e's 8 dws sees 00123 foot 
Pipe, with fittings: 81 
l inch victualic ..cccccccecce ~26 foot 
3 inch (o.d.) victualic ..... -61 foot 
Rail and fittings: 
30 pound rail eoeceecvececvesce el9 foot 
FIShpPlates: i6idsesd0ce0oe.0 60% 160 ~116 each 
SPLKES | ii widiesse ese wes 66:56 40656 120 -09 each 
Labor: 15.08 


Drill-blast-muck eeoecsecocceccece 
Tram eecoeeeeocuavaeoseeeeoesveaeeeen eae 
Direct cost per foot 
excluding power) ...ccc 22.00 
1/ Average length of tram - 321 feet to shaft. 
Note: Steel costs represent amount taken out of stock; therefore they exceed actual 
use cost. Pipe and rail costs do not represent 95 feet of drift. 


307 man-hours 


13.00 foot 
1/113 man-hours 


1.75 hour 
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365 level: Highly altered limestone and granite near contact, 
March 19-31, 1954, 62 feet 


Item Units per foot Unit price cost j|per foot 


Steel: $0.58 
DELL1 StCEl «ééeioc ese sewec (1/) as 
Carset bDItsS wccccccscccccocce re 
TimD@® i005 6 cs. 6:o:0e owes ow oes 127 bd.-ft. 1.02 
Explosives eoaceeceseeneeecocee 1.47 
45 percent gelatin dynamite. - 
No. 6 CAPS ceooosessvcsecccses e023 each - 
FUSE cocccccoccccccccsecscccccs -0123 foot - 
Pipe with fittings: -30 
1 inch victualic eoeceece0aen -26 foot 
Rail and fittings: 73 
30 pound rail eoeeeeeeveeecesn 19 foot o 
FishplatesS cescccccccccscces - 
Bolts, NUCS cecccvesccsecces = 
Ventpipe, 12 inch diameter ... 1.13 
Labor: 
All operationa3/ ......cc00- 15.00 foot 930.00] 15.00 
Direct cost per foot 
excluding power) ..... 20.23 


1/ No identifiable record. 

2/ 18 feet of drift timbered. 

3/ Includes drilling and blasting, mucking, timbering, and tramming 600 feet to 
shaft. 


Stope Development 


365 E. raise, with subdrifts to vein, January-April 1954; 
255-foot raise, 209-foot subdrift 


Item Units per foot price cost per foot 


Explosives: $1.33 
Dymamite .cccccscescccsee | 2,495 pound $0.224 pound 
CA0S: sce neeeiese sow ee): 14909 023 each 
FUSE wcccconccesesecsccee 9,820 feet .0123 foot 
Timber eeoeeeeereoeeeeeosesecse 13,662 bd.-ft. 3.48 
Pipe: 037 
Peinen:! 3.66% sews see eeeee 235 feet -24 foot 
2-inch eoneeeeseesnesenese 262 feet e 44 foot 


Direct cost per foot -{ 0B 
Note: Cost of labor, steel, power not recorded in identifiable form. 
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Stoping 


Stopes: A-1-W, A-l-E, A-2-E, and A-3-E; 1954; 32,500 tons ore broken 


Item Units per ton cost per ton 


Explosives: 
Dynamite ecoeeeeoeeereoeeeoceeeseseee 23,240 pounds $0.198 
Caps COCCC CCC OHO COLO HOSE EOE AO OEOEE 8,767 
FUSE cccccccccccccccccccesceccscns 39,280 feet 
Timber eoovseeceeceeeoeeneeaeesseeoneeeeese 3,765 bd.-ft. O15 
Labor: 


Drilling ccscevcccccsccsvccensace 
Blasting csccccecvcvccvcsscresecs 
Direct cost of breaking ore in 
stopes (excluding power and steel) ccccccccccccccccccccccccscesesons 863 
1/ Based upon time study of breaking 6,000 tons. 
2/ Contract rate. 


1/5,200 man-hours : 2/65 


Shaft Sinking!/ 


4- by 8-foot vertical winze, adit level to 365 level, 1951-52 


Ltem 10 feet per foot 10 feet per foot 


Labor: 

Mine-muck-timber ...ccccccsccccces man-hours 

Timber framer eeeeeenoeoeee eee eee eeee man-hours 

HOLSCMEN. 6:6 .0'6:50066 6066 6400 0 0 W8608 man-hours . 

Compressor-mechanic .cecccccccsece man-hours 1/g118.18 
Timber: 

Lumber COCCC OCHO CEC OCO ECHOES OO OEREOLEO® bd.-ft. 

Hanger, bolts, etc. ceccccceccecces 27.69 
Fuel: 

Diesel2/ OCC Te Tee RCL eee Te Te gallons ‘ 

Gasoline3! eer Te re eee ee ere gallons 9.23 
Explosives: 

Dynamite cccccccvccccscscvcccccocs pounds 

Electric detonatorS .eeccccccccececs 

LOAG- “WLU 26/ie bins cs eeease sieerws feet 5632 
Steel; 

Drill steel (broken) ..cccccccsecc feet 

GCOLSCCU DLUS : ose sbbaks 4e 0 hseeSas 3.03 
Pipe: 

l inch water pipe with feet 

3 inch pipe feet 1.51 
Repair parts, carbide, etc. wescoocs 1.50 

Direct cost of sinking shaft 
per foot COCC HCC CC HOO CHEE COO Oe 166.46 


1/ Includes 20-percent payroll charges and boardinghouse loss, plus 4 pereent esti- 
mated time lost repairing broken timbers and similar lost-time accidents. 
2/ At $150 per M bd.-ft. for shaft timber. 


3/ Power for drilling and hoisting provided by portable diesel compressor at portal; 
power for blower fan provided by small gas engine. 


1} Based on cost study by Bureau of Mines of 100 feet of shaft sinking. The 10-foot 
interval is the minimum distance in which all operations were performed. 
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Diamond Drilling 


Underground on 365 level, 
June-August 1955; 1,984 feet (AX) in 8 holes, 


137 drill shifts 


Item | Cost __—_—i|_- Cost _per foot 


Direct Labor: 


Drillers and helpers (2,192 man-hours) $3.45 
Supplies: 

Casing and bits CHECKS HOHC HOE HO LHOHCHOH OHO OEOCH OEE HORE OCEOE®S 66 
Equipment rental and freight .cccccccccccccccccvcccecs 059 
Power (by distribution) Coerrceeeeeeseseeeeerseeeceersee 1.35 

DITECE COBE coccescccccessesecescceceseveseseene 11,998.74 6.05 
Distributed labor: 

Hoist, pump, warehouse, office .ccccrcccccccccccces 2/6,219.00 
Distributed supplies: 

Shop, camp, mobile, equipment, miscellaneous ...... 926.00 
Distributed general supervision .cccrcccccccvcccccce 1,130.00 

Total distributed (costs. cc isicecscctevcsses éessee 4.17 
TOtG Ll. <COSt ois 4:5.0.S:0 sie-ere wwleiwae wis Cisl@ ele eee wale wee eS aie 10.22 


1/ Base rates for labor: Lead driller, $4 per hour; driller, $3 per hour; 2 help- 
ers at $2 per hour. Work performed 2 shifts daily, 7 days a week. 

2/ Entire cost of operating and maintaining shaft and 365 level charged to drilling, 
because there were no other operations below adit level. 


Milling 


The dollar cost of milling, in terms of labor, supplies, and power, is presented 
in table 13. Cost records that would permit segregation of units of labor and sup- 
plies or crushing, grinding, and concentration were not maintained. Nevertheless, 
warehouse records did provide some data on the consumption of grinding balls, grind- 
ing rods, and screens; these data are tabulated below: 


Item tons |expended |per ton | per unit] per unit] per ton 


Grinding balls: 


3-inch ball eoeoeoeoeeeoeveeeneecene $0 .007 
4-inch ball eovceeeeeeseoeesneoce .036 
Grinding rods ecoeeseceoeneoesoec ~ 100 
Total grinding mediums 
except LinerB .ccccrcceces ~142 
Screens: 
L/221NCH: siswdes enews die ee esns 001 
6-mesh eeeoeevseeeeveeeaees een eeees .019 
8-mesh eoeeoneeeeneeeeeeneneeeneee e005 
LOSMESH: 65.66 6.650 06606 sews oes -008 
2O=MESN «é.si6-0:00 6 66 we mews ee es O21 


Total screen cost ....-e--f 
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Shipping and Smelting 


Concentrate derived from operations during the cost-analysis period (July through 
December 1954) were shipped and smelted with concentrate derived from other periods 
of operation; in fact, it was impossible to determine the relationship between a par- 
ticular shipment of concentrate and the ore from which it was produced; therefore, 
the costs shown in table 14 were derived by applying the average of the actual unit 
costs of several shipments to the calculated recoveries during the cost-analysis 
period. The results, although not precise, are believed to be accurate within the 
requirements of practical cost analyses. 
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t River Beach. The barge and tug transport 
oil and other freight between Nome and outlying settlements on Bering Sea. Bulk 
oil is carried in the hull of the barge; other freight is carried as deck load. The 
same type of equipment is used for direct ship-to-shore lighterage. 


Combined Operations 


Actual dollar costs of various phases of the operation were maintained with 
considerable accuracy; those for July through December 1954 are presented in table 
15. Inasmuch as these costs represent the only records of cost distribution main- 
tained by the company, they constitute the basis from which all other costs were 
computed; unfortunately, they do not provide a factual basis for segregating costs 
of the basic requirements of mining and milling operations. 
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The results of several attempts to distribute costs to the mining and milling 
operations are presented in other parts of this section. Table 16 s.\mmarizes these 
approximate distributions cost of the overall operating costs. Precise reconcilation 
of all cost items throughout the tables was not attempted, because the distributions 
were based upon estimates or incomplete data. Also, it should be noted that these 
costs were calculated on the basis of company figures of tonnage treated and concen- 
trate recovered. This was necessary because they were the only complete figures on 
mill performance available for the period on which the costs were based. Because of 
errors in weighing gravity concentrate, the tonnage figures calculated by the company 
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probably were high (see Milling); therefore, the total costs of $17.65 per ton of ore 
milled and $1.33 per pound of tin recovered, as reported in table 16, probably are 
low. I£ an overall correction can be applied to the specific period of July through 
December 1954, the calculated costs would be about $18.16 per ton of ore milled and 
$1.47 of tin recovered. Such an assumption, however, fails to consider that the 
greatest discrepancies probably occurred during the early stages of operation. Actual 
costs, therefore, cannot be calculated with complete accuracy and must be considered 
to be between the two extremes. 


TABLE 14. ~- Calculated cost of shipping and smeltin July-December 1954 


(Based upon calculated recoveries and typical smelter settlements, 
Texas City smelter) 


Cost per ton Cost per ton/Cost per ton|/Cost per 
of wet Total of dry of ore pound 
Item concentrate cost |concentrate milled of tin 
Freight: 


Haulage to beach ...cee. 
Lighterage ..ccccccccces 
Ocean freight ..ccccovee 
Rail freight ..ccccceoce 
Total ME sear GRRE ORE 0.045 
Smelting: 
Base charge .ccccccecscee 


033 
Price deduction .....se.0. 020 
Assay deduction2/ ...... 019 
Impurity penalties ..... 007 


Total cwcccccccsccccece 18,002. 95 86. 95 Le rv 079 
smelter .seccecseece 28,187.47} 136.71 1.63 124 
Calculated recovery = 228,096 pounds tin in 236.026 short tons of wet concentrate+ 
and 207 .040 short tons of dry concentrate 


1/ Includes weight of drum containers. 
2/ Deduction of 1.12 percent at $0.927 per pound. 


Costs obtained by the United States Tin Corp. during the 6 months of uninter- 
rupted operation indicated that a return of approximately $20 per ton of ore milled 
was necessary to assure an adequate operating profit. The grade of ore necessary to 
return $20 per ton of ore milled at various prices for tin and at mill recoveries of 
60 and 80 percent is shown graphically in figure 18; this graph illustrates the im- 
portance of closely controlled selective mining and improved recoveries. Suggestions 


for attaining the objectives in any future operation at Lost River are outlined in 
the appendix. 
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TABLE 15. = Production costs by accounting units, July-December 1954 


Cost per/| Cost per 
Wages and Total ton pound Sn 
Item salaries Supplies cost milled recovered 


Mines! .cccccccccccccccccsccces| $98,998.04 | $12,301.07 oS 899.11 $0.311 
Mill .ccccccccccccccccsccsccces| 38,630.68 |} 11,677.34] 50,308.02 221 
Power and air wccccsecscccsecess| 6,680.85 | 31,266.02 | 37,946.87 . 166 
SHOP cccaccsccccsccssescacscce 11,696.77 1,049.07 12,745.84 056 
Mobile service .wccccccccececce| 4,978.89 2,747.05 7,725.94 034 
Camp: 4ssé0ntecdeceseccececevs|, 45496.51 3,755.33 8,251.84 .036 
Boardinghouse LOSS .cccccccces 2,582.28 - 2,582.28 Oll 

Payroll, taxes and insurance} 25,352.43 - 23,352.43 elll 

Total direct ...esececeeeee| 153,016.45 945 
General superintendent .....0.0 6,300.00 “ 6,300.00 .028 
Engineering and assaying .oee. 7,743 .06 8,444.60 031 
Clerical wcscccccscsececscenes 6,206.76 6,206.76 027 
Miscellaneous office, travel, 

CEC. covccccccsececcencsesesco = 6 870.44 -030 
Total mine overhead .....| 20,249.82 27,758.80 116 
Total operating cost ....|/173,266.27 | 63,497.42 | 243,571.13 1.061 

Seattle office expense (estimated). . Choe ,OlL. Oe .097 
Shipping and smelting .ceccce ~124 
Total production cost ... >} 793.769.661 17,059 1.282 


Calculated recovery = 228,096 pounds tin from 17,220 tons ore milled: 
1/ Includes cost of stope development and ore breaking in stopes; excludes cost of 
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Tin prices in dollars per pound. 


FIGURE 18. - Grade of Ore and Price of Tin Required to Yield $20 Per Ton. 
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APPENDIX 
Introduction 


The following proposals for improving mining and milling procedures are offered 
for consideration in the event operations at Lost River are resumed. The proposals 
are based upon experience and observations by Bureau of Mines engineers in all phases 
of exploration, development, and operation from 1942 to 1955. 


Proposed Stoping Method 


Summary 


A method of shrinkage stoping, applicable to any scale of operation, is suggested 
as a means of gaining optimum control of the grade of ore mined and milled from the 
Cassiterite dike. Essentials of the proposed method and its basic differences from 
methods used by previous operators are summarized as follows: 


1. A greater proportion of stope development and of preparatory headings 
would be in ore. 


2. The length of stope blocks would be reduced to uniform dimensions of 80 
feet between centers of main raises in ore, and the intervals between 
haulage levels would be reduced to 100 feet. 


3. All ore in stopes would be broken by breasting from main raises with 
horizontal longholes not more than 35 feet in length. The back of the 
stopes would be nearly horizontal, and the stope fill would be maintained 
at uniform height close to the back. 


4. Ore would be drawn from the stope by overcast loaders from drawpoint 
crosscuts uniformly spaced 20 feet apart and at right angles to a main 
haulage drift in the limestone footwall of the dike. 


5. Systematic sampling of development headings and stopes would be facili- 
tated and required. 


Development and Preparation 


Development of a block of ore and subsequent stoping would require the follow- 
ing sequence of level development and stope preparation: 


1. <A pioneer drift, 5 by 7 feet in cross section, would be driven in the dike 
along the footwall. This drift would be sampled at regular intervals of 
not less than 10 feet, utilizing longholes from the side of the drift to 
the hanging wall to obtain samples the full width of the dike. Track 
(and temporary timbering if required) would be recovered from this drift 
before stoping or as stope blocks were delineated, 


2. The drift in the dike could be advanced at least 100 feet before a main 
haulage drift in limestone (6 by 7 feet in cross section) was driven 
parallel to and a uniform distance of 20 feet from the centerline of 
the haulage drift to the footwall of the dike. 
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3. Drawpoint crosscuts (5 by 7 feet in section), at right angles to the 
direction of the haulage drift, would be driven to the dike at 20-foot 
intervals along the haulage drift. The drawpoint crosscuts, at 80-foot 
intervals (main-raise drawpoints) , would be driven before the drawpoints 
between this interval are completed. 


The main-raise drawpoints, at 80-foot intervals along the haulage obesbine 
would be enlarged to a width of 10 feet. For 15 feet from the footwall 

of the dike, this drawpoint would be divided by timber into two compart- 
ments of equal width. One compartment of the drawpoint crosscut would 
serve as a manway; the adjacent compartment would be used as a shovel- 
loader drawpoint. This type of drawpoint would permit raises to be driven 


without chute lips and would permit unobstructed access to stope raises 
above and below the level. 


Main raises to the level above would be completed and connections made to 
the manway compartments of the drawpoint crosscuts at this level. Main 
raises would be of two compartments, that is, a chute and a manway tim- 
bered with 6- by 6-inch posts and caps. The raises would be driven the 
full width of the dike or at least 10 feet in width by slightly more than 
10 feet in length. A raise would be advanced in the dike to within 10 
feet of the level above; starting a few feet below this point, only the 
Manway compartment of the raise would connect to the drawpoint crosscut 
above by an inclined raise in the limestone footwall. The manway connect- 
ing raise need not exceed 5 by 5 feet in cross section and could generally 
be inclined at slightly more than 45°. The principal units of stope 
development and the sequence of operations are illustrated in figure UG} 


Breaking Ore 


Cag eee would be started by breaking to the pioneer drift with horizontal or 
ae Crizontal holes drilled from the main raises. Stope backs then would be 
dridied wPmard about 10 feet per round in horizontal slices, which usually would be 


35 feet in each direction from protected drill stations in the raise. Better 


Con . . | 
+ eee the grade of ore broken and more economical consumption of powder is to 
dominant Ie using essentially horizontal longholes of limited length, drilled pre- 


of 5 ¢£ Y parallel to the strike of the dike and at uniform spacing to give a burden 
set. The use of spacers in blasting would reduce dilution by preventing ex- 


Cegsj : 
‘ve shattering of the walls and at the same time would insure good fragmentation 


of the 


dike ore, 
recess geLeOE drawing ore from a stope would be controlled to permit sampling 
S13 oe ea top of the broken ore and to permit orientation of holes in the round 
tL 


: led by inspecting the local changes in dip or strike of the dike revealed 
Tound blasted previously. 


T , 
thee only ore pillar not recovered would be the block (10 by 10 feet) above every 


ee Taise, which would be left to support raises intended as permanent venti- 
are ear Ventilation raises at intervals of 240 feet along the main haulageway 
Uate fo 


r this purpose. 


Drawing ore 


Broke 
N Ore 
Vercast 1 WO 


uld be drawn from the stope through drawholes and discharged by 
Tight ang] 


Caders into cars in the haulage drift. A system of drawpoint crosscuts at 
“s from the haulage drift minimizes the total amount of drawpoint crosscuts 
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FIGURE 19. - Proposed Stoping Method, Lost River Mine. 


Digitized by Cox gle THE OH 5 Snr in WERSITY 


71 


for a given spacing of drawpoints. This system generally requires that the track in 
the drawpoint crosscut be about 7 inches above the track in the main haulage drift to 
permit efficient transfer of the loader on a dolly from one drawpoint to the other; 
however, the system has a high loading efficiency, because it eliminates the need 
for switching every car to be loaded. The drawpoint spacing is based upon an average 
angle of repose of the broken dike ores of almost 70° and would assure rapid, uniform 
drawing of ore from the stope. 


Sequence of Operations 
To permit disposal of development waste into empty stopes, several levels should 


be developed and mined simultaneously; and each successive upper level should be ad- 
vanced farther than the level below. 


Sampling 
Systematic sampling of raises in ore, of the sill drift in the dike, and of 
stope backs would guide mining and permit blending the different grades of ore from 
the stopes. 


Time and Cost Estimates 


Units developed and time required to prepare each block for stoping are esti- 
mated as follows: 


Average 
Units number of| Sets 
developed, drill of Elapsed time days 
Development heading linear feet rounds timber |1 shat 2 shifts 3 shits 


Pioneer sill drift in dike . 100 
Haulage drift ..cccccccceses 80 
5 drawpoints (18 feet each). 90 
1 drawpoint, enlarged ...... 1/ 


Subtotal wsavccoscccece 270 i 

Raise:2/ Main raise ..eceee. 90 

Inclined manway raise 
(>: Dy: 5: LGCL)) 5i0ce des sees 

TOE] Wc ssiietuaieauuemoss at ine Deer a ay 0 Se ee 

1/ Enlarged drawpoint to 10 feet in width by slabbing from side of crosscut. 

2/ If raises advanced only slightly ahead of stope backs, production from stope is 


possible after completion of drawpoints. Adequate ventilation is necessary, 
especially if working 3 shifts per day. 


7: 


The proposed method would require the following estimated units of labor and 
supplies for stope development and preparation. The selected size of stope block 
would contain 6,700 tons at the average dike width of 10 feet. 
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Supplies 

Rail, | Pipe, 
Explosives| Timber, iineae linear 

Heading pound bd.-ft.] feet feet 

Drifting: 

Pioneer sill drift in dike. 80 80 560 (1/) Ch (1/) 
Haulage drift .ccccccccccece 80 if 560 200 60 

5 drawpoints (18bfeet each) | 90 630 656 2/180 1/3, 


Subtotal ..esccccecceeee| 250 | 250 | 1,750 | 856 | 340 | 244 


Rising: 
Main raise in ore .secceces « 900 6480 2/180 
Manway connection ae 2 ee i ee 200 2/ 40 


TOtAL .eseeeesecececeeee | 360 | 315 | 2,850 [7,784 | 340 | 464 


Tons developed Per unit, 
direct estimate3/ .....eee. 18. 6 21.3 2.4 86 
Cost per ton developed .ecoae 0.83 0.09 0.15 


1/ Installed temporarily; to be Saige and reused. 

2/ Can be salvaged and reused. Main air line, 3 inches; water line, 1 inch; feeder 
air lines to headings, 2 inches. 

3/ Estimated from 1956 costs for supplies. Labor estimated at the following con- 
tract rates per foot: Haulage and sill drift, $12.00; drawpoints, $13.50; 
main raise, $25.00; manway connecting raise, $10.00. 


In addition to the supplies shown in the above table, the cost of compressed- 
air drills, steel, bits, etc., is estimated at approximately $0.10 per ton of ore 
developed. Total direct cost per ton of ore developed by the proposed method is 
estimated to be $1.24 per ton. 


The cost of breaking ore is largely determined by the wage that is necessary to 
attract and hold capable miners when required at Lost River. The following estimate 
is based upon an average annual wage of $7,800 for miners on a 6-day-week work sched- 
ule. The productivity of the method of breaking ore is based upon an estimated aver- 
age of 70 feet of hole per machine-shift. With uniform spacing and burden of 5 feet 
per hole, the holes would produce 2.1 tons per foot of hole, or 147.0 tons per machine 
shift of 2 men per crew. With this production and at the annual wage of $7,800, 
drilling and blasting labor could be contracted at $0.34 per ton broken. Uniform 
spacing and burden of 5 feet per hole, plus the use of spacers between dynamite 
charges, are estimated to require about 0.4 pound of explosives per ton of ore broken. 
The following estimate is based upon current costs for supplies and an annual wage 
for miners of $7,800. 

Cost per ton 
of ore broken 


Labor, drilling and blasting eceoeveceseveeeseeceec $0.34 
Explosives, spacers, primer8, CCC. ceccccccccese 12 
Compressed air, drills, steel, etc. cecccccsceccs 025 
Sampling and supervision .cccccccccccccccccccsece eL5 

Total CHOC SHHO CHOOSES OH SEEHEEHROOHSHOHR OCH SOE SE LOOSE -86 


Estimated, direct stope-development and ore-breaking costs on the above basis 
are summarized as follows: 
Cost per ton 
of ore broken 


Stope development and preparation .ecccccccccces $1.24 
Ore breaking CHOC CHCHOHTOCHEHEHOHOSHOOHO SE OEOOHESELEDE 86 
Total eeeeeoaoesoseeoeaeecesevseaeevseosneeaoeneaeaeeeneea 0 eee ee @ 2.10 
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No attempt has been made to estimate total mining costs because of the unpredict- 
able variables that would be involved in any future operation. 


Disseminated Ores 


Disseminated reserves have not been explored nor tested in enough detail to per- 
mit a definite delineation of ore blocks; consequently, a definite mining method can- 
not be proposed, It is probable that a considerable part of the very low grade mate- 
rial that comprises part of the granite cupola and of the overlying limestone might 
be mined by open-pit or "glory hole" methods during the summer, but open-pit mining 
during the winter would not be practicable; therefore any year-round operation would 
have to be based upon underground mining. Underground mining of these highly kaolin- 
ized ores would necessitate square-set stoping or some form of caving. The choice of 
caving method would depend largely on the dimensions of the ore blocks. 


Recommendations for Future Milling Operations 
Limiting Factors 


Without knowledge of conditions under which operations at Lost River may be 
reactivated, discussion of future operations must be confined within the limits 


imposed by grade and character of the ore, proposed date of operation, and proposed 
tonnage to be treated. 


Laboratory beneficiation studies and milling have been confined to treatment of 
ore from the Cassiterite dike; thus, no metallurgical data or knowledge exists con- 
cerning treatment of material from other sections of the tin-bearing area. For dis- 
cussion, therefore, it must be assumed that the ore to be treated will be similar 
both in mineral association and grade to ore milled previously. Similarly, it must 


be assumed that work will begin before the present plant and equipment have deterio- 
rated beyond usefulness. 


The proposed daily tonnage would be influenced by a number of factors: Price of 
tin when the property is reactivated, knowledge of the size and average grade of the 
workable ore body, the necessity of immediately producing a small quantity of concen- 
trate, the necessity of producing the maximum quantity of concentrate over a rela- 
tively short period. Discussion will be directed toward the supposition that the 
factors and conditions existing at the time of reactivation will allow one of the 
following procedures: (a) Immediate operation of the mill using present treatment 
and flowsheet; (b) partial remodeling of the mill to eliminate major operational 


difficulties and to improve recovery of tin; (c) complete rebuilding of the mill, 
either at present or increased capacity. 


Operation Without Remodeling 


When operations were suspended, most of the machinery in the mill was in operat- 
ing condition or could be made usable by minor repairs. Operating the mill according 
to the present flowsheet, however, would necessitate replacement of two major items 
of equipment - the rod and ball mills - responsible for a large part of the mill 
repair costs and interrupted operation. Mere replacement of these items would not 


solve any metallurgical or operational problems nor effect an increase in the recov- 
ery of tin. 


Operating the existing mill without remodeling should be considered only if cir- 
cumstances allow no other course of action. 
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Partial Remodeling of Mill 
General 
The importance of the relationship of mill recovery to unit cost is illustrated 


by the data tabulated below. These data are based upon total production costs from 
July through December 1954. (See table 15.) 


Recovery vs. unit cost 
Total production 


Tin recovery, Tin in concentrate, cost per pound 
percent pounds tin recovered 
60 .0 216,834 $1.356 
1/63.1 228 ,096 1.289 
65.0 234,490 1.254 
70.0 252,973 1.162 
75.0 271,043 1.085 
80 .0 289,112 1.017 


85.0 307,182 957 
1/ Calculated from production July through December 1954. 

Since it is evident that economic operation of the mill is dependent to a large 
degree on treatment designed to yield maximum recovery of tin, serious consideration 
should be given to making changes in the present plant and flowsheet to allow such 
treatment. Additional changes designed to eliminate major operational difficulties 
should be made if circumstances permit. 


Revamping and enlarging the crushing and grinding section are considered of 
primary importance. For good recoveries it is imperative that cassiterite particles 
be removed from the grinding circuit as soon as they are Liberated from the gangue. 
Laboratory beneficiation testing has shown that up to 85 percent of the tin can be 
recovered from Lost River ore (l- to 2=-percent tin grade), provided the ore is dis- 
integrated so as to prevent sliming of cassiterite. Limited mill experimentation did 
not disprove laboratory data; on the contrary, mill testing proved the metallurgical 
feasibility of grinding at low pulp densities with a light load of grinding mediums. 
The mechanical limitations of existing equipment, however, precluded such treatment. 


Remodeling should include a rod mill and oversize return equipment, large enough 
to allow grinding with low pulp density and a high circulating load. A smaller rod 
or ball mill should be installed for regrinding the table middling. 


Practice at Lost River has included wet screening the ore fed to the grinding 
circuit in an attempt to remove fine sand and clay slime. Much of the ore consists 
of rock and mineral particles cemented by clay; these "clay balls" are not disinte- 
grated easily by wet screening alone, and they pass over the screen to the rod mill. 
More complete disintegration doubtless could be effected by using a log washer or 
similar device. Removing the additional fines before grinding would minimize over- 
grinding the cassiterite. It is suggested that the log-washer discharge material be 
routed to a cyclone or bowl classifier to remove the bulk of the clay from the cir- 
cult immediately and assure no overload on the spigot-type hydroclassifier. Ideally, 
the disintegration-fines removal unit should be placed ahead of the secondary crusher, 
so that it would eliminate the packing and plugging troubles that have been experi- 
enced with that unit. 


Supplementary remodeling to increase operating efficiency should include enlarge- 
nent of the coarse-ore bin to allow storage of mill feed for 12 hours and installation 
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of a vibrating grizzly feeder to transport ore from the coarse~ore bin to the primary 
crusher. These changes would reduce operating troubles and labor costs by requiring 
the primary crusher to operate only one shift for a full day's supply of ore to the 
mill. 


A suggested schematic flowsheet for the crushing and grinding section is shown 
in figure 20. 


Lack of headroom and crowded equipment present operating and maintenance diffi- 
culties in the concentration section of the present mill. The flowsheet and treat- 
ment, however, basically are sound. [It is doubtful that any major changes in this 
section would be warranted unless complete rebuilding of the plant is considered. 

A conveyor to transport jig concentrate to the settling box would partly ameliorate 
the operating problem. 


Complete Rebuilding 


Only by completely rebuilding the Lost River mill can all its deficiencies be 
corrected or the tonnage treated be increased materially. If such action is taken, 
emphasis should be placed on planning the equipment layout to allow easy operation 
and maintenance. Overhead cranes should be installed to facilitate handling the 
heavy equipment. A crushing and grinding circuit (see fig. 20) is suggested. A 
concentrating circuit similar to that previously employed should be satisfactory, 
but space should be allowed for easy experimental rerouting of flow and for possible 
limited addition of equipment to any section. Handling concentrate mechanically 
should be considered to minimize labor expended for that work. A concentrate drier 
utilizing waste heat from diesel generators might be feasible. 


Continued Research 


The preceding recommendations are based only upon laboratory bench-scale tests 
and limited observations of practice in the existing mill. It is almost imperative, 
even if future operation is only a remote possibility, that research on the following 
scale be conducted to obtain enough detailed data for intelligent planning. 


1. The reported success of the Aerofall mill as a single-stage unit for 
reducing the product of the primary crusher down to size of liberation, 
with production of a minimum of fines, warrants investigation, as this 
mill probably could be used for disintegrating Lost River ore. 


2. Additional bench-scale beneficiation testing on Cassiterite-dike ore, 
supplemented by continuous testing on a laboratory scale. 


3. Investigations of the nature and amenability to concentration of ore 
minerals from the contact zones and from dissemination in both granite 
and limestone. 


4. Studies to determine the applicability of various dispersants to facil- 
itate separation of fine cassiterite and clay minerals. 


5. Investigation of various flocculants to increase the efficiency of water 
reclamation. This phase of research on Lost River ore is particularly 
significant because of new solids-liquids separation techniques developed 
recently and because of the advent of new, effective, flocculating agents. 


6. Investigation of methods for economic recovery of byproduct minerals, such 
as those of tungsten, lead, and zinc. 


7. Continued basic research to develop a method for recovering cassiterite 
by flotation. 
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